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(g) Method and apparatus for fomning deposited film. 
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@ A plasma CVD method adapted to a roll-to-roll type or the like arranged such that the change rate of 
the temperature of the substrate before and after an i-type semiconductor layer is deposited is made 
rapid so as to prevent diffusion of impurities occurring due to annealing by constituting the structure in 
such a manner that the deposited film is formed on the substrate by the plasma CVD method while 
heating the elongated substrate moving in an i-layer discharging chamber at a rate of 4^C/second or 
higher immediately in front of an inlet of the discharging chamber and cooling the same at a rate of 
4X/second or higher immediately in the rear of an outlet of the discharging chamber so that a 
stacked-type photovoltaic d vice having a large area and free from scatt ring of the charact ristics is 
continuously fonmed without det rioration of th charact ristics occurring du to disp rsion. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present Invention relates to a method and an apparatus for continuously forming deposited films on 

an elongated substrate by a plasma CVD method. More particularly, the present invention relates to a method 
and an apparatus for forming deposited films suitable to mass-produce function devices, such as solar cells 
or sensors, that are photoelectrical transfer devices using an amorphous semiconductor, which is a non-single- 
crystalline (non-monocrystalline) semiconductor, or a microcrystal semiconductor. 

10 

Related Background Art 

in recent years, consumption of electric power has been rapidly Increased all over the world and electric 
power has been produced flourishingly. However, It leads to problems that thermal power generation and nu- 
ts clear electric power generation cause environmental pollution and global warming to occur In the foregoing 
state, solar cell power generation using sunlight does not raise the problems of the environmental pollution, 
global warming and maldistribution of resources. Therefore, the solar cell power generation is worthy of note 
to meet a further large consumption of electric power. 

To realize the solar cell power generation, the solarcell must have a satisfactory photoelectrical conversion 

20 efficiency and stable characteristics while being suitable to mass production so as to be supplied cheaply. Fur- 
thenmore. a solar cell having a large area is required because of the enabled scale of the power generation. 
Therefore, it has been proposed that an amorphous silicon type solar cell is formed by depositing a semicon- 
ductor thin film, such as amorphous silicon, which is a non-single-crystal, on a relatively low cost substrate, 
such as glass or a metal sheet, by decomposing a raw material gas of silane or the like available easily by 

25 glow discharge. The amorphous silicon type solar cell exhibits excellent mass productivity and lower cost as 
compared with a solar cell manufactured from single-crystal silicon, thus attracting attention. Thus, a variety 
of manufacturing methods have been proposed. 

The solar cell power generation usually has a structure that unit modules of solar cells, which are photo- 
voltaic devices, are connected in series or in parallel to be formed into a unit so that a desired electric current 

30 and voltage are obtained. Therefore, disconnection arid short circuit in each unit module must be prevented. 
Furthermore, ununiformity of the output voltage and electric currents between the unit modules must be pre- 
vented. To meet the desires above, the characteristics of the semiconductor, which are the most important fac- 
tor for determining the characteristics of the unit module, must have uniformity. To simplify the process for 
assembling the module, a deposited film of a semiconductor must be formed over a targe area and must have 

35 excellent characteristics. Thus, the mass productivity of the solar celt can be improved and the manufacturing 
cost can be significantly reduced. 

The semiconductor, which is an important component of the solar cell, includes semiconductor junctions, 
such as p-n junction, p-i-n junction or the like. The foregoing semiconductor junctions can be formed by se- 
quentially depositing semiconductors having different conductive types, or by implanting into a semiconductor 

40 having a certain conductive type dopants having a different conductive type or by thermally diffusing. When 
the amorphous silicon type solar cell is manufactured, the following known method is employed which has the 
steps of mixing a raw material gas containing elements as dopants such as phosphine (PH3), diborane (BaHe) 
or the like with a silane gas or the like which is the main raw material gas; decomposing the mixed raw material 
gases by glow discharge to form semiconductor films having desired conductive types; and sequentially de- 

45 positing the thus-obtained semiconductor films on a desired substrate to easily obtain a semiconductor junc- 
tion. Therefore, when the amorphous silicon type solar cell is manufactured, diffusion of the dopants having 
different conductive types is generally prevented by providing independent film forming chambers correspond- 
ing to semiconductors to be formed and forming the semiconductors in the corresponding film forming chanrt- 
bers. 

50 As a method of forming a deposited film by a plasma CVD method suitable to manufacture an amorphous 

silicon type solar cell of the foregoing type, a method adapted to a rolt-to-roti method has been disclosed in 
U.S. Patent No. 4,400,409. The foregoing deposited film forming method comprises the steps of disposing a 
plurality of glow discharge regions along the passage for an elongated (belt-like) substrate, and continuously 
conveying the elongated substrate in its longitudinal direction white forming semiconductors respectively hav- 

55 ing desired conductive types In the corresponding glow discharge regions. According to the disclosure above, 
solar cells having desired semiconductor junctions can be formed continuously. The foregoing method of form- 
ing the deposited film has a structure for preventing diffusion and mixture of the dopant gas for use in each 
glow discharge region into other glow discharge regions, the structure being arranged such that the respective 
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glow discharge regions are mutually separated from one another by slit-lik separation passages called gas 
gates and that sweeping gas flows of, for example Ar or H2. are formed to flow through th separation passages. 
As a result of employing the above structure, the roll-to-roll method for forming a deposited film is suitable to 
manufacture the semiconductor device for the solar cell or the like. 

5 On the other hand, a fact has been known that the photoelectrical conversion efficiency of the amorphous 

silicon type solar cell can be improved in a case where a IV-group alloy semiconductor, such as a-SiGe:H, a- 
SiGe:F. a-SiGe:H:F, a-SiC:H. a-SiC:F or a-SiC:H:F is used as the htype (intrinsic type) semiconductor by con- 
tinuously and arbitrarily changing the forbidden band (band gap: Egopt) of the i-type semiconductor in the di- 
rection of the thickness from the light incident portion to improve the open voltage (Voc) and curve factor (fill 

10 factor FF) as the solar cell (20th IEEE PV SEC, "A Novel Design for Amorphous Silicon Solar Cells", S. Guha, 
J.'Yang. etaL). 

Hitherto, the process for continuously forming deposited film having a large area involves diffusion of im- 
purities into the i-type semiconductor due to the rise in the substrate temperature and thus the characteristics 
of the solar cell are deteriorated. In order to overcome the problem above, a method has been employed in 

15 which the substrate temperature is sequentially lowered as the respective semiconductors are deposited dur- 
ing the step of depositing deposited films. However, the conventional method cannot form a deposited film at 
a substrate temperature suitable for depositing each deposited film. Therefore, the characteristics of the de- 
posited film cannot be used satisfactorily. Therefore, a problem is raised in that the characteristics of the pho- 
toelectrical conversion device formed by depositing a plurality of layers have been unsatisfactory. 

20 Since the foregoing roll-to-roll method for forming a deposited film has the arrangement that the elongated 

substrate is continuously moved while forming a deposited film. Therefore, improvement in the manufacturing 
efficiency requires the moving speed of the elongated substrate and the film deposition speed to be raised. 
However, raising of the speeds leads to deterioration of the characteristics of the photoelectric conversion de- 
vice. 

25 The film quality of the semiconductor having the i-type conductivity must be improved when the charac- 

teristics of the photoelectrical conversion device are intended to be iniproved. However, it leads to a fact that 
an additional electric power is required to raise the substrate temperature or to enlarge the bias electric power. 

However, the enlargement of the additional electric power excessively raises the substrate temperature, 
and impurities are undesirably diffused into the i-type semiconductor due to annealing of the deposited films. 

30 Therefore, by the foregoing roll-to-roll method, it is difficult to improve the characteristics of the photoelectrical 
conversion device. 

As disclosed in U.S. Patent No. 4,389,970 and U.S. Patent No. 4,470,369, the foregoing roll-to-roll method 
for forming a deposited film controls the substrate temperature at a predetermined level at the time of forming 
a deposited film. Therefore, it does not include an idea of changing the substrate temperature at a predeter- 
35 mined rate or higher before and after forming a deposited film so as to prevent annealing of the deposited film. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a process for forming a deposited film which comprises 
40 changing a substrate temperature at a rate of a predetermined rate or higher before and after forming a de- 
posited film to preventing undesirable annealing of the semiconductor and continuously and uniformly forming 
a photoelectrical conversion device exhibiting an excellent conversioh efficiency on a substrate having a large 
area. 

According to one aspect of the present invention, there is provided a process for forming a deposited film 
45 by glow discharge on a belt-like substrate continuously moving and having a semiconductor having conduc- 
tivity deposited thereon, which comprises the steps of : heating the substrate before entering a glow discharging 
region; forming a deposited film in the glow discharging region; and cooling the substrate after passinjg the 
glow discharging region. 

According to another aspect of the present invention, there is provided a process for continuously forming 
50 a deposited film on an elongated substrate In a vacuum chamber by plasma CVD, which comprises the steps 
of. continuously moving the substrate in a lengthwise direction of the substrate in the vacuum chamber, while 
heating the substrate immediately before an inlet of a glow discharge region in the vacuum chamber at a rate 
of 4®C/second or higher forming a semiconductor layer on the substrate in the glow discharging region at a 
deposition speed of 0.1 nm/second to 20 nm/second by plasma CVD and cooling the substrate at a rate of 
55 4**C/second or higher immediately after an outlet of the glow discharge region. 

As a result, the present invention is able to overcome the foregoing problems. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view.which illustrates an apparatus for forming a deposited film according to an en)- 
bodiment of the present invention; *. . : \ - 

5 Fig. 2 is a schematic view which illustrates an apparatus for forming a deposited film according to another 

embodiment of the present invention; 

Fig. 3 is a schematic view showing one unit of. an apparatus for forming a deposited film according to an- 
other embodiment of the present invention which constructs the apparatus together with units as shown 
in Figs. 4 and 5; : ./ ■ ■ ' •.: ; ^ ' : ; 

10 Fig. 4 is a schematic view showing one unit of the apparatus fbir forming a deposited film according to the 

embodiment of the present invention which constructs the apparatus together with units as shown in FigS: ' 
3 and 5; . r .r - ' . • 

Fig. 5 is a schematic view showing one unit of the apparatus-for forming a deposited film according to the 

embodiment of the present invention which constructs the apparatus together with units as shown in Figs. 
IS 3 and 4; < - • • . i ^ . 

Fig. 6 is a schematic view showing the structure of a solar cell which is a photovoltaic device; 

Fig. 7 is a schematic view showing the structure of another solar ceil which is a photovoltaic device; 

Fig. 8 is a schematic view showing the structure of another solar cell which is a photovoltaic device; 

Fig. 9 is a schematic view showing the structure of another solar cell which is a photovoltaic device; 
20 Fig. 10 IS a schematc view snowing the structure of another solar cell which is a photovoltaic device; 

Figs.1l A to 11C are scnematic views which Illustrates a heating means for heating a substrate according 

to the present invention, and 

Figs. 12A to 12C are schematic views which Illustrate a cooling means for cooling a substrate according 
to the present invention. 

25 

DESCRIPTION Of THE PREFERRED EMBODtMENTS 
The present invention wifl now t>e described. 

When a sen-Hcooductor having p-type or n-type conductivity in a solar cell having p-i-n structure is an- 

30 nealed at a temperature higher than that of the substrate during a film formation. For example, doping atoms 
such as boron or the like m a semiconductor having p-type conductivity (hereinafter referred to as "p-type lay- 
er") and doping atoms such as phosphorus or the like in a semiconductor having n-type conductivity (herein- 
after referred to as *n type layer") diffuse in a semiconductor having l-type conductivity (hereinafter referred 
to as ""i-type layer*) It can be considered that the foregoing fact is the cause of the deterioration of character- 

35 istics of the solar ce<! fomied by depositing a plurality of p-i-n structures. The inventors of the present invention 
have studied and found a fact that the quantity of diffusion of boron atoms in a semiconductor having p-type 
conductivity and doping atoms such as phosphorus or the like in a semiconductor having n-type conductivity 
into the i-type layer can t>e prevented by rapidly changing a substrate temperature during deposition of the n- 
type layer to a substrate temperature during deposition of the i-type layer, for example, deposition of the i- 

40 type layer temperature of the substrate when both temperatures are different from each other. Although the 
mechanism of this phenomenon has not been clarified yet, it can be considered that the rapid temperature 
change .causes a kif>d of a non-equilibrium state to occur (where the equilibrium state means a state in which 
impurities in the p-type layer or the n-type layer are diffused in the i-type layer due to heat or the like and no 
density distribution takes place) As a result the diffusion of impurity atoms can be prevented even when the 

45 film forming temperature is raised. In particular, a fact has been known that amorphous silicon semiconductor 
comprises the deposited film that contains hydrogen atoms which relate to the diffusion of impurities. The rapid 
temperature change causes a certain kind of a non-equilibrium state to occur between the structure having 
silicon atoms, the diffusion of hydrogen atoms and the diffusion of impurity atoms so that the diffusion of im- 
purities is prevented. 

50 Therefore, even if the deposition temperature for the i-type layer in a case that a film forming temperature 

during deposition of the n-type layer is moderately changed to that during deposition of the i-type layer is higher 
than the deposition temperature for the i-type layer in a case that a film forming temperature during deposition 
of the n-type layer is rapidly changed to that during- deposition of the i-type layer, it can be said that the de- 
posited film subjected to the rapid temperature change is relatively f red from the deposition of the impurities. 

55 The present invention is found based on the foregoing fact. In order to effectively use the foregoing found 

that, a further study was made, thus resulting in a knowledge to be obtained in that diffusion of impurities be- 
tween semiconductor layers can be effectively prevented by causing rapid temperature change to occur be- 
tween deposited layers and then fonming a deposited film at a high deposition speed. It is preferable for the 
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present invention that the rate in the change of the temperature of a substrate is 4'*C/second or higher. The 
optimum deposition speed capable of effectively utilizing the rapid temperature change is 0.1 nm/second to 
20 nm/second. 

Furthermore, it is preferable for the present invention that the difference in the temperature betv/een the 
5 substrates for the deposited layers is targe. It is preferable for performing the rapid temperature change that 
the difference in the temperature between the substrates for the deposited layer is large. A preferred difference 
between the temperatures of the substrates for respective deposited layers is 10 ""C to 300 ''C. 

Substrate ~ 

10 .: ' ■ . : - . * 

The preferred material for a substrate according to the present invention is required to be free from de- 
formation and distortion at a temperature required to form the deposited layer and to have a desired strength 
and conductivity. Specifically, the preferred material is exemplified by a thin metal film of stainless steel, alu- 
minum, aluminum alloy, iron, iron alloy, copper and copper alloy, their combination; any of the foregoing thin 

75 film of a type whose surface is coated with another metal thin film and/or an insulating thin film, such as Si02,' 
SI3N4, AI2O3, AIN or the like by any of sputtering evaporation or plating; a heat resistant resin sheet of polyimide, 
polyamide, polyethylene terephthalate, epoxy resin or the like; or a oomposite.of any of the foregoing heat re- 
sistant resins and glass fiber, carbon fiber, boron fit>er, metal fiber or the like whose surface is subjected to a 
conductive treatment with a sole metal material, an alloy and a transparent conductive oxide by plating, evap- 

20 oration, sputtering or application. 

tt is preferable that the thickness of the substrate is minimized in terms of saving the cost and an accom- 
modating space so far as the strength capable of maintaining a curved shape formed when the substrate is 
moved can be obtained. Specifically, the thickness be 0.01 mm to 5 mm, preferably 0.02 mm to 2 mm, and- 
most preferably 0.05 mm to 1 mm. In a case where the metal thin film is used, a desired strength can easily 

25 be obtained even if the thickness is relatively thin. 

The width of the substrate is not limited particularly, the width being determined based on the size of a- 
vacuum chamber or the like. 

The length of the substrate is not limited particularly. The substrate may have a length which allows the 
substrate to be wound into a roll form or a length realized by further elongating an elongated substrate by weld- 

30 ing or the like. 

In this embodiment the substrate is heated and cooled in a short time. Since it is unsatisfectory that the 
temperature distribution occurs in the lengthwise direction of the substrate, it is preferable that the heat con- 
duction in the direction in which the substrate is moved be minimized. To cause the temperature of the substrate 
to follow heating and cooling, it is preferable that the heat conduction be performed considerably in the direction 
35 of the thickness of the substrate. 

The heat conduction can be limited in the moving direction and made large in the direction of the thickness 
of the substrate by reducing the thickness. In a case where the substrate has a uniform thickness, it is prefer- 
able that (heat conduction) x (thickness) be 1 x 10-^ W/K or less, aind more preferably 1 x 10*^ W/K or less. 

40 Methods for Heating Substrate and for Cooling the Same 

In the present invention, a substrate may be heated and cooled by heat conduction such that a means for 
heating and cooling the substrate is brought into contact with the substrate or by heat radiation such that the 
means for heating and cooling the substrate is positioned away from the substrate. The substrate may be heat- 

45 ed and cooled from its surface, on which the deposited film is formed or the reverse side of the surface. The 
specific heat, the heat conductivity and the moving speed of the substrate are considered to control the tem- 
perature distribution of the means for heating and cooling the substrate for the purpose of obtaining a desired 
rate of the change of the substrate temperature. In a case where a means for heating and cooling the' substrate 
that is moved together with the substrate is used to control the substrate temperature, the temperature to be 

50 controlled by the means for heating and cooling the substrate is changed in accordance with the movement 
of the substrate. 

As a concrete method for heating a substrate, heating by a heater such as a halogen lamp a resistant heat- 
ing member or the like, by contact with a hot gas plasma or by inductive heating by means of electromagnetic 
waves may be employed. As a concrete method for cooling a substrate, cooling by radiating heat to a cooling 
55 member cooled by air or water; or by spray of cold gas may be employed. 

Figs. 11A to 11c are schematic views which illustrate examples of a method for heating a substrate. Fig. 
11 A illustrates infrared ray heating using halogen lamps. Fig. 11 B illustrates heating by bringing a heating block 
into contact with a substrate. Fig. 11C illustrates heating by bringing a heating roller Into contact with a sub- 
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strate. Figs. 12A to 12C are schematic views which illustrate examples of a method for cooling the substrate. 
Fig. 12A illustrates cooling by using a cooling pipe which is disposed adjacent to the substrate and through 
which heat medium such as water passes through as a cooling medium. Fig. 12B Illustrates cooling by bringing 
a cooling block of water or. the like, which is a cooling medium^ into contact with, the substrate, and Fig. 12C 
5 Illustrates cooling by bringing a cooling roller of water or the like, which is a cooling medium, into contact with 
the substrate. . . - . . 

The present invention will now be described with reference to the drawings. 

Fig. 1 is a schematic cross sectional view which illustrates the structure of a deposited film-forming ap- 
paratus for use in a process for forming a deposited film according to an embodiment of the present invention. 
10 Fig. 2 is a schematic cross sectional view illustrates the structure of a deposited film-forming apparatus for 
use in a process for forming a deposited film according to another embodiment of the present invention. Figs. 
3 to 5 are schematic cross sectional views which illustrate the structure of an apparatus for continuously form- 
ing a deposited film which has the.deposited f ilnn-forming apparatus shown.in Fig. 1 . Figs. 6 to 1 0 are schematic 
cross sectional views which illustrate the layer structures of a solar cell which are various kind of photoelectrical 
IS conversion devices. ... \ ^ 

A continuous deposited film-forming apparatus 100 shown in Fig. 1 is suitable to form a semiconductor 
having an n-i-p junction on an elongated (belt-like) substrate 150. The continuous deposited film-fonming ap- 
paratus too comprises a substrate feeding chamber 102, an n-type layer-forming vacuum chamber 103, an 
REi-type (n-side) layer-fonning vacuum chamber 104, an MWi-type layer-forming vacuum chamber 101, an 

20 RFi-type (p-side) layer-forming vacuum chamber 105, a p-type layer-forming vacuum chamber 106 and a sub- 
strate winding chamber 107 that are connected in series by six gas gates 151, 152, 153, 154, 155 and 156. A 
gate gas supply pipe for supplying a gate gas Is connected to each of the gas gates 151, 152. 153, 154, 155 
and 156. ^ 

The substrate feeding chamber 1 02 stores the elongated substrate 1 50 to supply it to the substrate winding 

25 chamber 1 07. A bobbin, around which the elongated substrate 150 is wound, is bonded to the substrate feeding 
chamber 102. Furthermore, the substrate feeding chamber 102 has conveyance rollers for supporting and con- 
veying the elongated substrate 150, while a substrate feeding mechanism for feeding the elongated substrate 
1 50 and an exhaust pipe connected to an exhaust means (not shown) are connected to the bobbin. 

The MWi-type layer-forming vacuum chamber 101 comprises a substantially cubical vacuum chamber and 

30 a discharging chamber 113 disposed in the vacuum chamber. The vacuum chamber 101 and the discharging 
chamber 113 are made of metal and are electrically grounded. The elongated substrate 150, on which the de- 
posited film will be formed, is allowed to pass through the left portion of the vacuum chamber 101 in the draw- 
ing, that is, the gas gate 153 attached to the side wall of the inlet portton of the vacuum chamber 101 , the elon- 
gated substrate 150 being then Introduced into the vacuum chamber 101. Then, the elongated substrate 150 

35 Is allowed to pass through the discharging chamber 113 and conveyed outside the vacuum chamber 101 
through the right portion of the vacuum chamber 101 in the drawing, that is, the gas gate 154 attached to the 
side wall of the outlet portion of the vacuum chamber 1 01 . A gate gas supply pipe (not shown) for supplying a 
gate gas is connected to each of the gas gates 153 and 154. The elongated substrate 150 is continuously 
moved through the vacuum chamber 101 from the gas gate 153 toward the gas gate 154. 

40 In the vacuum chamber 101 , there are disposed an infrared-ray lamp sensor 1 20 for heating the elongated 

substrate 150. which is moved continuously, prior to entering into the discharging chamber 102, an infrared- 
ray lamp heater 121 for heating the elongated substrate 150 immediately prior to entering into the inlet of the 
discharging chamber 113, and a water cooling pipe 125 for cooling the elongated substrate 150 immediately 
after passing the outlet of the discharging chamber 113. each of the foregoing unit being controlled by a cor- 

45 responding temperature control unit (not shown). Furthemnore, thermocouples 1 26, 127, 128 and 1 29 for meas- 
uring a substrate temperature at predetermined positions in the vacuum chamber 101 are disposed to be in 
contact with the reverse side of the elongated substrate 150 which is being nrK)ved. The case where the ther- . 
mocouple is disposed immediately before the inlet of the discharging chamber 113 means a case where it is 
disposed withln .1 cm and the case where it is disposed in the vicinity of the inlet of the discharging chamber 

50 113 means a case where it is disposed at a distance of about 10 cm from the inlet. 

The discharging chamber 113 includes a gas introduction pipe 108 for introducing a raw material gas for 
a deposited film from^a gas supply system (not shown). An exhaust pipe connected to an exhaust unit (not 
shown) is attached to the wall of the vacuum chamber 101 on the rear side in the drawing. Applicators 130 are 
arranged on the wall of the discharging chamber 113. that faces the elongated substrate 150. In a direction in 

55 which the elongated substrate 150 is moved. The applicators 130 introduce microwave energy into the dis- 
charging chamber 113 and it is connected to an end of a wave Introduction pipe 131, the other end of which 
is connected to a microwave power source 132. Portions of each applicator 130 attached to the discharging 
chamt)er 113. are formed into microwave introduction windows made of a microwave-transmissive material 
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such as quartz, alumina ceramic or the like. 

The vacuum chambers 103, 106. 104 and 105 for respectively forming n-type. p-type, RFi-type (n-side) 
and RFi-type (the p-side) layers have the same structures so that n-type. p-type. i-type and i-type semicon- 
ductor layers respectively are formed. An exhaust pipe connected to an exhaust means (not shown) is attached 
5 to each vacuum chamber. Each of the vacuum chambers 103. 106, 104 and 1 05 respectively have discharging 
chambers 114, 117, 115 and 116 therein. The discharging chambers 114, 117, 115 and 116 include gas intro- 
duction pipes 109. 112. 110 and 111, a discharge electrode connected to a high frequency power source and 
infrared-ray lamp heaters 118, 124, 119 and 123 for heating a moving substrate 150. 

The substrate winding chamber 107 winds up the elongated substrate 150 on which the deposited film 
10 has been formed, the substrate winding chamber 107 having a similar structure to that of the substrate feeding 
chamber 102 such that an exhaust pipe is connected to the substrate winding chamber 107 and substrate wind- 
ing bobbin and substrate conveying rollers are disposed provided that a substrate winding mechanism for wind- 
ing up the elongated substrate 150 is connected to the bobbin. 

The operation of the continuous deposited film-forming apparatus 100 will how be described mainly in a 
15 case where the semiconductor having an n-hp junction will be formed. 

Initially, the elongated substrate 1 50 is arranged between the substrate feeding chamber 102 and the sut>- 
strate winding chamber 107 so as to be moved continuously at a p.redetermined speed. Then, gases are dis- 
charged from the substrate feeding chamber 102, the vacuum chambers 103, 106, 104, 105 and 101 for re- 
spectively forming rvtype. p-type. RFi-type (n-side), RFi-type (p-side) and MWi-type layers and the substrate 
20 winding ch3mt>er 102 to oDtain a predetermined degree of vacuum. Then, gate gases are supplied to the gas 
gates 151, 152. 153. 154. 155 and 156. 

Then, in the MWi-iype layer-forming vacuum chamber 101, the infrared-ray lamp heaters 120, 121 and 
122 and the cooiirig pipe 125 ar® operated while monitoring the outputs from the thermocouples 126 to 129 
so that the moving elongated sut>strate 150, is heated and cooled to obtain a predetermined temperature dis- 
25 tribution in the dtscharging chamtier 113. While introducing the raw materia! gas for forming the deposited film 
into the discharymg chamtier 113 through the gas Introduction pipe 108, microwave electric power is introduced 
through the microwave introduction window 130. Thus, a microwave glow discharge takes place in the dis- 
charging chamt>er 113. causing plasma to be generated. As a result, a deposited film is formed oh the moving 
elongated sut>strate 150. 

30 In the case where a semiconductor layer for manufacturing a photovoltaic device according to the present 

invention is formed by a microwave plasma CVD, the preferred conditions are as follows: the substrate teni- 
perature In the deposition chamber is 100°C to 450**C, the internal pressure in the deposition chamber is 0.5 
mTorr to 30 mTorr. the microwave power Is 0.01 W/cm^ to 1 W/cm^ and the frequency of the microwave is 0.5 
GHz to 10 GHz. 

35 To improve the characteristics of a semiconductor layer for a photovoltaic device, which is a photoelectrical 

conversion device, high frequency bias electric power is sometimes introduced into a microwave glow dis- 
charging region in the discharging chamber 113. The introduction of the high frequency bias further activates 
active species in the glow dtscharging region so that a substrate is annealed. As a result, boron atoms in the 
p-type layer and the phosphorus atoms in the n-type layer diffuse in the i-type layer, causing the characteristics 
40 of a solar cell to t>e deteriorated. Therefore, it Is preferable that the deposition speed be 0.2 nm/second or higher 
in the case where a semiconductor layer is deposited by microwave plasma CVD. 

The elongated substrate 150 Is heated immediately before the Inlet of the discharging chamber 113 by the 
infrared-ray lamp heater 120. while it is cooled by the cooling pipe 125 immediately after the outlet of the dis- 
charging chamber 113. Therefore, the change rate of the substrate temperature per one hour can be changed 
45 aibitrarily before and after the deposited film Is formed. 

Also in the n-type. p-type. RFi-type (n-side) and RFi-type (p-side) layer-forming vacuum chambers 103, 
1 06, 1 04 and 105. raw material gases for forming a deposited film are introduced into the discharging chambers 
114. 117. 115.and 116 through the corresponding gas introduction pipes 109; 112, 110 and 111. Then, high 
frequency electric power is supplied from the high frequency power source to the discharging electrode so 
50 that high frequency glow discharge is caused to take place between the discharging electrode and the ground- 
ed conductive substrate 150 and thus plasma is generated. 

In the case where the deposition is performed by high frequency plasma CVD, the' prefe'nred conditions 
are as follows: the substrate temperature in the deposition chamber is lOO^C to SSO'^C, the internal pressure 
in the depositton chamber is 0.1 Torr to 10 Tonr, the RF power is 0.01 W/cm^ to 5.0 W/cm2 and the deposition 
55 rate is 0.1 A/second to 30 A/second. 

As a result, the raw material gases in the discharging chambers 114, 117, 115 and 116 are decomposed 
so that a deposited film is formed on the elongated substrate 150. 

Since the elongated substrat 150 is moved continuously through n-type, p-type. RFi-type (n-side) and 
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RFi-type (p-side) layer-forming vacuum chambers, a semiconductor having an n-l-p junction Is formed on the 
substrate 150. 

Since the raw material gas for the deposited film is introduced through the gas introduction pipe and is 
xhausted through the exhaust pipe disposed on the wail on the reverse side of the discharging chamb r sul>^ 
stantially no raw material gas flows in the discharging chamber, in the direction of the moving substrate Thus 
the degree of decomposition of the raw material gas is substantially uniform in the direction of the moving sub^ 
sirate. Therefore, distribution in the band gap of the deposited film depending bn the degree of the decompo- 
sition of the raw material gas in the direction of the moving substrate can be prevented. 

The experimental results of the present.examples will now be described specifically with reference to ex- 
penmental data. Since the experimental examples.to be described now are performed in the case where the 
process for forming a deposited film according tathe present invention is employed to manufacture an amor- 
phous Silicon solar cell ortp.form an amorphous silicon semiconductor film which is a constitutional element 
of the solar cell, the amorphous silicon solar cell will now be described with reference to Figs. 6 to 10 

A solar cell, which is a photoelectrical conversion device, shown in Fig. 6 has a structure that a lower elec- 
trode 402. an n-type semiconductor 403. a RFMype (n-side) semiconductor 404. an MWi-type semiconductor 
405. an RFHtype (p-side) semiconductor 406. a p-type semiconductor 407; a transparent electrode 408 and 
collecting electrode 409 sequentially formed on a substrate 401 .:The foregoing solar cell is intended to receive 
if»c«lent light from the side of the transparent electrode 408. The lower electrode402 is an electrode opposed 
to the transparent electrode 408 through the semiconductors 403 to. 407. 
X The solar cell, which is a photoelectrical conversion device shown in Fig. 7. comprises the substrate 401 
which IS a lighi-transmissive substrate, the solar cell being arranged to receive incident light from the side of 
the substrate 401. The solar cell shown in Fig. 7 has a structure that the transparent electrode 408 the p- 
tyoe semiconductor 407. the MWI-type semiconductor 405..the n-type semiconductor 403 and the lower elec- 
trode 4C2 are sequentially deposited on the substrate 401. 
23 The solar cell, which is a photoelectrical conversion device shown in Fig. 8, has a structure that the lower 

electrode 402. the n-lype semiconductor 403. the RFi-type (n-side) semiconductor 404. the MWi-type semi- 
conductor 405. the RF.-type (p-side) semiconductor 406 andthe p-type semiconductor are sequentially fonr^ed • 
on the sut>strate 401 . 

The solar cell, which is a photoelectrical conversion device shown in Fig. 9, has a structure that the lower" 
electrode 402. the n-type semiconductor 403. the MWi-type semiconductor 405 and the p-type semiconductor 
407 are formed sequentially on the substrate 401 . 

Although each of the foregoing solar cells has only one p-i-n junction, two or more p-i-n junctions may be 
deposrted in order to improve the efficiency of using incident light. Fig. 10 illustrates the structure of a solar 
cell (a so-called a tnple-type solar cell) having three p-i-n junctions. The foregoing solar cell has a structure 
that the tower electrode 402. a first semiconductor region 411 having a first p-i-n junction, a semiconductor 
region 412 having a second p-i-n junction, a semiconductor region 413 having a third p-i-n junction, the trans- 
parent elearode 408 and the collecting electrode 409 are sequentially deposited on the substrate 401 Light 
IS made incident from the side of the transparent electrode 408. Also the foregoing solar cell the band gap and 
the film thickness of the i-type semiconductor 405 are made to be different in each p-i-n junctions 41 1 to 413 
•M in order to improve .the photoelectrical conversion efficiency. 

The detailed structure of the foregoing constitutional elenrtent of the solar cell will now be described In 
each of the solar cells shown in Figs. 6 to 10. the n-type semiconductor 403 and the p-type semiconductor 
407 are arranged such that the p,type semiconductor 407 is positioned more adjacent the light incidence pos- 
ition. However, a layer structure may be employed in which the n-type semiconductor 403 is positioned more 
4S adjacent to the light incidence position. 

Initially, the substrate 401. which is the substrate of the solar cell. will now be described 
It IS preferable that the substrate 401 of the solar cell according to the present invention be made of a ma- 
tenal which can be bent easily and with, which a curved shape can easily be formed, the material being per- 
mitted to be a conductor or insulator. Although the substrate 401 may be light-transmissive or non-light-trans- 
missive to meet a desire, the substrate 401 must, or course, be light-transmissive with respect to, at least light 
having the wavelength that is absorbed by the semiconductor. Spedficall.y. the substrate 401 is exemplified . 
by the foregoing elongated substrate 150. By using the elongated substrate 150, the weight of the solar cell 
to be manufactured can be reduced, the strength of the same can be improve and the space required totrans- 
port the solar cell can be saved. 

Then, the electrodes for taking electric power from the solar cell will now be described 
In the solar cell according to the present invention, the electrodes are selected arbitrarily depending on a 
structure thereof. The electrodes are exemplified by the lower electrode 402, the transparent electrode 408 
and the collecting electrode 409 (provided that the transparent electrode 408 is an electrode disposed on the 
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light incident side and the lower electrode 402 is an electrode opposed to the transparent electrode 408 through 
the sen^iconductors 403 to 407). 

The foregoing electrodes will now be described in detail. 

5 (i) Lower Electrode 402 

The position, at which the lower electrode 402 is disposed, is made different depending upon the material 
of the substrate 401 being light transmissive because the side on which light for generating the photovoltaic 
power is applied becomes different (in a case where the substrate 401 is made of a material such as metal or 
10 the like which is a non-light-transmissive material, light is applied from a position through the transparent elec- 
trode 408, as shown in Fig. 6). 

Specifically, in a case of a layer structure show/n In any of Figs. 6, 6, 9 or 10, the lower electrode 402 is, 
as an electrode for taking an electric current disposed between the substrate 401 and the n-type seniicon- 
ductor 403. In a case where the substrate 401 is conductive, the substrate 401 is able to also serve as the 
IS lower electrode 402. Therefore, the lower electrode can be omitted from the structure. However, in a case 
where the substrate 401 has conductivity as well as a large sheet resistance, an electrode having a small re- 
sistance for taking an electric current or the lower electrode 402 for the purpose of raising the reflectance on 
the surface of the support member to efficiently use incident tight nnay be provided. 

In the case shown in Fig. 7, a light transmissive substrate 401 is used and light is made incident upon from 
20 the side of the substrate 401. Therefore, the tower electrode 402 is disposed to oppose the substrate 401 
through the semiconductors 403 to 407 in order to take an electric current and to reflect light. 

The material of the lower electrodes 402 is exemplified by metal, such as Ag, Au, Ft, Ni, Cr, Cu, Al, Ti, Zn, 
Mo, W, or the like or their alloy. A thin film of any of the foregoing materials is formed by any of vacuum evap- 
oration, electron beam evaporation or sputtering. The formed metal thin film must be arranged not to be a re- 
25 sistance component with respect to the output from the solar cell. Thus, it is preferable that the sheet resistance 
of the lower electrode 402 be 50 Q or lower, and more preferably 1 0 n or lower. 

Between the lower electrode 402 and the n-type semiconductor 403 there may be provided a diffusion 
preventive layer (not shown), such as zinc oxide having conductivity. The diffusion preventive layer has an 
effect of preventing diffusion of metal elements constituting the lower electrode 402 into the n-type semicon- 
30 ductor 403. Further, a somewhat resistance value thus- possessed is able to prevent a short circuit between 
the lower electrode 402 and the transparent electrode 408 due to a defect such as a pinhole generated in each 
of the semiconductors 403 to 407. Furthermore, the thin film causes a multi-interference to take place so that 
incident light can be enclosed in the photoelectrical conversion device. Furthermore, the lower electrode 402 
itself is formed by a transparent conductive member such as ZnO, ShG2, ITO or the like. 

35 

(ii) Transparent Electrode 408 

It is preferable that the transparent electrode 408 has a light transmissivity of 85 % or more in order to 
cause light energy from the sun or a while fluorescent lamp to be efficiently absorbed by the semiconductors 

40 403 to 407. Furthermore, it is electrically preferable that the sheet resistance of the transparent electrode 408 
be 1 00 O or less in order to prevent the transparent electrode 408 hiding serve as a resistance component with 
respect to the output from the solar cell. A materia! having the foregoing characteristics is exemplified by a 
metal oxide, such as SnOj, lOiOa, ZnO, CdO. Cd2Sn04. ITO (InjOj + SnOa) or the like; and a thin metal film 
formed by considerably thinning a metal, such as Au. Al. Cu or the like, into a semitransparentfilm. The trans- 

45 parent electrode 408 is formed on the p-type semiconductor 407 of the solar cell shown in any of Figs. 6, 8 
and 9. The transparent electrode 408 is, in the solar cell shown in Fig. 7, formed on the substrate 401. There- 
fore, excellent adhesion is required between the transparent electrode 408 and the corresponding surface. 
The transparent electrode 408 can be manufactured by resistance heat evaporation, electron beam heat evap- 
oration, sputtering (direction sputtering or indirect sputtering), a spraying or the like. 

50 

(iil) Collecting Electrode 409 

The collecting electrode 409 is, in the form of a lattice, formed on the transparent electrode 408 for the 
purpose of effectively reducing the surface resistance of the transparent electrode 408. The collecting elec- 
55 trode 409 may be made of any of a metadtc material such as Ag. Cr, Ni, Al, Au, TI, Pi, Cu, Mo, W or the like or 
their alloy, or a conductive paste containing the foregoing metal or metal alloy; and a carbon paste. The fore- 
going thin films may be laminated, if necessary. To maintain a sufficiently large quantity of light made incident 
on each of the semiconductors 403 to 407, the shape and the area of the collecting electrode 409 are designed 
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arbitraril^.^^' 

It is preferable that the shape of the transparent electrode 408 be such that it is uniformly widened with 
respect to the light receiving surface of the solar cell and as well as the area of the same with respect to the 
light receiving area be 1 5 % or less, and more preferably 1 0 % or less. It is preferable that the sheet resistance 
be 50 n or less, and more preferably 10 n or less. 

(iv) n-type Semiconductor 403, i-type Semiconductors 404 - 406 and p-type Semiconductor 407 

The n-type semiconductor 403. the i-type semiconductors 404 - 406 and the p-type semiconductor 407 
will be explained below. . ^ 

The material of the semiconductor for use in the present invention is any of a material selected from a group 
consisting of a material using an element of the group IV such as Si. C, Ge, or the like, or a material using an 
alloy containing an element of the group IV, such as SIGe, SfC, SISn or the like. 

Among the material for the semiconductor, any of the following alloy type monocrystalline semiconductor 
materials can be preferably employed to manufacture the photovoltaic device according to the present inven- 
tion: a-Si:H (hydrogenated amorphous slllcon)rarSi:F,.a-SI:H:F, a-Si.Ge:H. a-SiGe:F, a-SiGe:H:F, a-SiC:H. a- 
SiC:F, a-SiC:H:Forthelike. . . ^ 

The semiconductor layer may be subjected to. a valence electron control and a forbidden band width con- 
trol. Specifically, a raw material compound containing an element serving as a valence electron controlling 
material or a forbidden band width control material is solely or In the form of a mixture with the raw material 
gas for forming the deposited film or a dilution gas before it is introduced into the space for film formation. 

The semiconductor layer is, in at least a portion thereof, doped Into the p-type or the n-type due to the 
valence electron control so that at least one p-l-n junction is formed. By depositing a plurality of p-i-n junctions, 
a so-called stack cell structure is formed. 

The semiconductor layer can be formed by various CVD such as microwave plasma CVD, RF plasma CVD, 
photo CVD, heat CVD or MOCVD; various evaporating method such as EB evaporation, MBE, ion plating or 
ion beam; sputtering; spraying; or printing. In the industrial view point, plasma CVD having the steps of de- 
composing the raw material gas and depositing films on the substrate is preferably employed. 

Then, the semiconductor using a IV group or IV group type allow amorphous semiconductor material for 
use suitably to manufacture the photovoltaic device according to the present invention will now be described. 

(a) i-Type Semiconductors 404 to 406 

In the photovoltaic device using the amorphous semiconductor material, which is a IV-group or IV-group 
type alloy non-mono-crystal, the i-type layer for use to form the p-i-n junction is an important layer for gener- 
ating and transporting carriers with respect to irradiation light. 

As the i-type layer, a layer having slightly p-type or n-type conductivity may be employed. 

The alloy type amorphous semiconductor material contains hydrogen atoms (H, D) or halogen atoms (X) 
as described above that serve as important elements. 

Hydrogen atoms (H. D) or halogen atoms (X) contained in the i-type layer compensate dangling bonds of 
the I-type layer so as to improve the product of the mobility of the carriers In the i-type layer and the life. Fur- 
thermore, the foregoing atoms compensate. the interfacial level in the interface between the p-type layer and 
the i-type layer and between the n-type layer and the i-type layer so that the photovoltaic power, photoelectrical 
electric flow and light resporise of the photovoltaic device. An optimum quantity of hydrogen atoms and/or ha- 
logen atoms contained in the i-type layer is 1 to 40 atomic%. In particular, hydrogen atoms and/or halogen 
atoms are preferably distributed In a large quantity in the interface between the p-type layer and the i-type 
layer and that between the n-type layer and i-type layer. A preferred content of hydrogen atoms and/or halogen 
atoms in the vicinity of the interfaces is in a range from 1 . 1 to 2 tjmes the content of these atoms in the bulk. 
It is preferable that the content. of hydrogen atoms and/or halogen atoms be changed correspondently to the 
content of silicon atoms. 

A preferred semiconductor material constituting the i-type semiconductor layer having the first p-i-n junc- 
tion in the photovoltaic device according to the present inventfon is amorphous silicon, while a preferred sem- 
iconductor material constituting the i-type semiconductor layer having the second and third p-i-n junctions Is 
amorphous silicon germanium.. 

The amorphous silicon and the amorphous silicon germanium are expressed depending upon the element 
that compensates the dangling bond as: a-Si:H, a-Si:F, a-Si:H:F. a-SiGe:H. a-SiGe:F or a-SiGe:H:F. 

More specifically, the material of the i-type semiconductor layer 110 having the first p-i-n junction suitable 
for use in the photovoltaic device according to the present invention is exemplified by i-type hydrogenated 
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amorphous silicxDn (a-SI:H) preferably having optica! characteristics that a band gap (Eg), is 1.60 eV to 1.85 
eV; AM is 1.5; the content of hydrogen atoms (CH) is 1.0 to 25.0%; photocondijctivity (ap) under pseudo sun 
light of 100mW/cm2 is 1.0 x 10-^ S/cmormore; dark conductivity (crd) is 1.0 x 10*^ S/cm or less; Inclination of 
abacktail by nneasuring in a Contact Photocurrent Method (CRM) is 55 nneV or less; and the local level density 
5 is 10' ^/cm^ or less. 

Amorphous silicon germanium, which is a non-monocrystalline material for forming the i-type semicon- 
ductor layers 104 and 107 having the second and the third p-i-n junctions for use in the photovoltaic device 
according to the present invention, has characteristics that the optical band gap (Eg) is 1.20 eV to 1.60 eV; 
and the content (CH) of hydrogen atoms is 1 .0% to 25.0%. To effectively utilize the rapid temperature change, 
10 the optimum deposition speed is 0.2 nm/second to 20 nm/second. To realize the foregoing deposition speed 
and as well as to manufacture the amorphous silicon germanium having the foregoing characteristics, it is pre- 
ferable that the flow rate of the raw material gas into the disdiarging space is 200 seem or more. It is preferable 
that the flow rate ratio of the gas containing germanium atoms is 40 % or less. 
A preferred temperature for forming a deposited film is 100°C to 450''C. 

15 

(b) p-Type Semiconductor L^yer 407 and n-Type Semiconductor L^yer 403 

As the amorphous material (referred to as "a-") of the p-type layer and the n-type layer (a microcrystaliine 
material (referred to as Vc-") is also included in the category of the amorphous material), it is exemplified by 

20 a material prepared by adding a p-type valence electron controlling material (B, Al, Ga, In or Tl in the group III 
of the periodic table) or an n-type valence electron controlling material (P, As, Sb or Bi in the group V of the 
periodic table) as a high concentration to materials such as a-Si:H, a-SI:HX, a-SIC:H, a-SiC:HX, a-SiGe:H, a- 
SiGeC:H, a-SiO:H. a-SIN:H. a-SiON:HX, a-SiOCN:HX, ^c-Si:H, nc-SIC:Hi MC-Si:HX. ^ic-SiC:HX, ^c-SiGe:H, 
^c-SlO.H. MC-SiGeC:H. nc-SiN:H, ^c-SiON:HX, ^lC-SiOCN:HXor the like. The polycrystaliine material (referred 

^ to as *poly>*) IS exemplified by a material prepared by adding a p-type valence electron controlling material 
<B. AJ. Ga. In or Tl in the group III of the periodic table) or a n-type valence electron controlling material (P, As, 
Sb or Bi tn the group V of the periodic table) at a high concentration to materials such as poly-Si:H, poly-Si:HX, 
poly-SiC;H. poly-SiC:HX, poly-SiGe:H, poly-Si, poly-SiC, poly-SIGe or the like. 

It is preferable that the p-type layer or the n-type layer on the light incident side be a semiconductor layer 

30 which is a crystalline semiconductor layer absorbing light in a small quantity and which has a wide band gap, 
and more particularly an amorphous semiconductor. 

An optimum quantity of atoms of the group ill of the periodic table in the p-type layer and atonr^ of the 
group V of the periodic table in the n-type layer are 0.1 atomic % to 50 atomic %. 

Hydrogen atoms (H. D) or halogen atoms contained in the p-type layer or the n-type layer compensate 

35 dangling hands of the p-type layer or the n-type layer so as to improve the doping efficiency into the p-type 
layer or the n-type layer. A preferred quantity of hydrogen atoms or halogen atoms to be added to the p-type 
layer or the retype layer is 0.1 atomic % to 40 atomic %. In a case where the p-type layer or the n-type layer 
is a crystalline layer, an optimum quantity of hydrogen atoms or halogen atoms is 0.1 atomic % to 8 atomic %. 
In particular, hydrogen atoms and/or halogen atoms are preferably distritMJted in a large quantity in the interface 

40 between the p-type layer and the i-t ype layer and that between the n-type layer and the i-type layer. A preferred 
content of hydrogen atoms and/or halogen atoms in the vicinity of the interfaces is in a range from 1.1 to 2 
times the content of these atoms in the bulk. By causing hydrogen atoms and/or halogen atoms to be contained 
in a large quantity in the vicinity of the interface between the p-type layer and the i-type layer and that between 
the n-type layer and the i-type layer, defective levels and mechanical distortions in the vicinity of the interfaces 

45 can be reduced. Thus, the photovoltaic power and the photoelectric current of the photovoltaic device according 
to the present invention can be enlarged. 

It is preferable that the electrical characteristics of the p-type layer and the n-type layer of the photovoltaic 
device be such that the activating energy is 0.2 eV or less, and most preferably 0.1 eV or less. The resistance 
is preferably 100 Qcm less, and most preferably 1 ncm or less. It is preferable that the thickness of each of 

50 the p-iype layer and that of the n-type layer be 1 nm to 50 nm, and most preferably 3 nm to 10 nm. 

To form the I V-group and IV-group alloy type amorphous semiconductor layer serving as the preferred sem- 
iconductor layer of the photovoltaic device according to the present invention, the optimum manufacturing 
method is a microwave plasma CVD method. Also an RF plasma CVO method may be employed as a second 
preferable manufacturing method. 

55 The microwave plasma CVD method is a method comprising the steps of: introducing material gases such 

as the raw material gases and diluting gas into a deposition chamber (a vacuum chamber); making the internal 
pressure of the deposition chamber to be constant while exhausting by using a vacuum pump; and introducing 
microwaves generated by a microwave power source through the wave Introducing pipe into the deposition 
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chamber through a dielectric window (an alumina ceramic window or the like) to generate plasma of the material 
gas to decompose the material sp that a desired deposited film is formed on a substrate placed in the decom> 
position chamber The foregoing method enables a deposited film suitable to form the photovoltaic device- to 
be formed under a wide deposition condition. . 

5 The raw material gas suitable to deposit the IV-group and IV-group alloy type amorphous semiconductor 

layer preferably employed to manufacture the photovoltaic device according to the present invention is, for ex- 
ample a compound which contains silicon atoms and which can be gasified; a compound which contains ger- 
manium atoms and which can be gasified; a compound which contains carbon atoms and which can be gasi- 
fied; a compound which contains nitrogen atoms and which can be gasified; a compound which contains oxy- 

10 gen atoms and which can.be gasified; and their mixture gas. 

Specifically, the compound which contains silicon atoms and which can be gasified is a chained or cyclic 
silane compound exemplified by the following gaseous materials or material that can easily be gasified: SiH4, 
SijHe, SiF4, SiFHa, SiFjHj, SIFgH, SisHs, SiD4. SiMDj, SiHzDj. SiHaD. SiFDa, SiFzDs, SiDaH, SijDsHa, (SiF2)5. 
(SiF2)6. (SiFs)*. SijFe. SiaFg, Si2H2F4. Si2H3F3. SiCU. (SiCys, SiBr4, (SiBr2)5, Si2Cl6, SiHCIa, SiH2Br2, SiH2a2 

15 and SiaClsFg. 

The compound which contains germanium, atoms and which can be gasified is exemplified by GeH4, GeD4. 
GeFHa, GeFsHz, GeFaH, GeHDs, GeHaDj, GeHsD, GeHg, and Ge2D6. 

The compound which contains carbom atoms and which can be gasified is exemplified by CH4, CD4, 
CnH2f»+2 (n-® an integer), CnH2n (n is an integer), C2H2. CeHs. GO2 and CO. 
20 The gas containing nitrogen is exemplified by N2. NH3, ND3, NO, NO2 and N2O: 

The gas containing oxygen is exemplified by O2, CQ^ CO2, NO, NO2, CH3CH2OH and CH3OH. 

The material to be introduced into the p-type layer or the n-type layer to control valence electrons is ex- 
emplified by atoms in the group III or those In the group V of the periodic table. 

An effective starting material for the introduction of atoms of the group lit i& exemplif ied as follows: the 
25 material for introducing boron atoms is exemplified by boron hydride such as B2H6, B4H10. B5H9, B5H11, BeHio, 
B6Hi2orB6Hi4; and boron halide such as BFs OrBCI. Furthermore, AICI3, GaCIa, InClsand TICIs are exemplified. 
In particular, it is preferable to employ B2He or BF3. 

An effective starting material for the introduction of atoms in the group V is exemplified as follows: the 
material for Introducing phosphorous is exemplified by phosphorous hydride such as PH3 or P2H4; and phos- 
30 phorous halide such as PH4I, PF3, PF5, PCI3, PCI5, PBr3, PBr^ or PI3. Furthermore, the other materials are ex- 
emplif ied: ASH3, ASF3, ASCI3, AsBra. ASF5, SbHa, SbFs, SbFs, SbCIa, SbC\s, BIH3, Bids and BiBr3. In particular, 
it is preferable to employ PH3 or PF3. 

The foregoing compound, which can be gasified, may be arbitrarily diluted with H2 He, Ne, Ar, Xe or Kr 
gas before it is introduced into the deposition chamber. 
35 In the case where the layer of a microcrystal semiconductor or a-SiC:H that does not light in a large quantity 

or has a wide band gap is deposited, it is preferable that a method be employed which comprises the steps of 
diluting the raw material gas to 2 to 100 times with a hydrogen gas, and introducing microwave energy or rel- 
atively large energy RF power. As an alternative to this,^the layer Is formed at a relatively high temperature. 

In the case where a photovoltaic apparatus having a desired output voltage and output electric current by 
40 using the photovoltaic device according to the present invention, the photovoltaic devices according to the pres- 
ent invention are connected in series or in parallel, a protective layer is formed on each of the two sides of the 
photovoltaic device, and an output taking electrode and the like are mounted. In the case where the photovoltaic 
devices according to the present. invention are connected in series, a back-flow-preventive diode is sometimes 
included. . 

45 

Example 1 

A photovoltaic device was manufactured by using the deposited film forming apparatus 100 shown in Fig. 
1 and in the following procedure. 

50 Initially, an elongated (belt-like) substrate 150 (haying a width of 40 cm, length of 200 m and a thickness 

of 0.125 mm) made of stainless steel (SUS430BA) was sufficiently degreased and cleaned and was set in a 
continuous sputtering apparatus (not shown). Then, a silver electrode (the purity of silver 99.99%) was used 
as a target and a silver thin film having a thickness of 100 nm was deposited by sputtering. Then, a ZnO elec- 
trode (the purity of ZnO: 99.999%) was used as a target and a ZnO thin film having a thickness of 1 .2 ^im was 

55 deposited on the silver thin film by sputtering. Thus, a lower electrode was formed on the elongated substrate 
150. 

Then, a bobbin, around which the elongated substrate 150 was wound, was set in a substrate feeding 
chamber 102, and the elongated substrate 150 was allowed to pass through the gas gates 151 to 156, n-type 
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layer forming vacuum chamber 103, the MW (hereinafter microwave plasma CVD is referred to as "MW") i- 
type layer forming vacuum chamber 101. RF (hereinafter high frequency plasma CVD is referred to as "RF") 
i-type layer forming vacuum chambers 104 and 105. and p-type layer forming vacuum chamber 106 to reach 
the substrate winding chamber 107. Then, the tension was adjusted to prevent slack of the elongated substrate 
5 150. Then, the substrate feeding chamber 102. n-type layer forming vacuum chamber 103, MWi-type layer 
forming vacuum chamber 101 , RFi-type layer forming vacuum chambers 104 and 105, p-type layer forming 
vacuum chamber 106 and the substrate winding chamber 107 were exhausted to a level of 5 x 10-^ Torr or 
lower by a vacuum exhausting system (not shown) comprising an oil expanding pump, a mechanical booster 
pump and a rotary pump. 

10 While operating the vacuum exhausting system, the raw material gas for the deposited film was, under 

conditions shown In Table 1, introduced Into the discharging chamber 113 through the gas introduction pipe 
108; the raw m.aterial gas for the deposited film was, under conditions shown In Table 2, introduced into the 
discharging chamber 114 through the gas Introduction pipe 109; the raw material gas for the deposited film 
was. under conditions shown in Table 3. introduced into the discharging chamt>er 115 through the gas intro- 

15 duction pipe 110; the raw material gas for thedep&sited film was, under conditions shown in Table 4, introduced 
into the discharging chamber 116 thorugh the gas introduction pipe 111; and the raw material gas for the de- 
posited film was, under conditions shown in Table 5, introduced into the discharging chamber 117 through the 
gas introduction pipe 112. Simultaneously, hydrogen gases were, as gate gases, supplied to gas gates 151, 
152, 153, 154, 155 and 156 through the corresponding gas gate supply pipes (not shown) at a flow rate of 500 

20 seem. In the thus-realized state, the exhausting performance of the vacuum exhausting system was adjusted 
to maintain the internal pressure of the discharging chamber 113 at a 5 mTorr and to maintain that of each of 
the discharging chambers 114, 115, 116 and 117 at 1 .2 torr. 

After the pressure In each of the discharging chambers 113, 114, 115. 116 and 117 had been stabilised, 
the movement of the elongated substrate 1 50 from the substrate feeding chamber 1 02 to the substrate winding 

25 chamber 107 was started at a substrate moving speed of 100 cm/minute. While moving the elongated substrate 
150, the Infrared-ray lamp heaters 118, 119, 120. 121, 122. 123 and 124 were turned on to heat the elongated 
substrate 150 immediately before entering the inlet of the discharging chamber 113. Cold water was allowed 
to flow to the cooling roller 125 so that the elongated substrate 150 was cooled Immediately after passing the 
discharging chamber 113. 

30 By adjusting the lamp heaters and the flow rate of the cooling water, the temperature gradients between 

the thermocouples 126 and 127 and between the thermocouples 128 and 129 were made to be 1 degree/sec- 
ond to 50 degrees/second. The moving speed of the elongated substrate 150 and the length of the discharging 
chamber in each vacuum chamber were adjusted to make the thickness of the deposited film to be the- same, 
and then the condition was changed within the range shown in Table 8 so as to make the deposition speed to 

35 be 5 nm/second, and the temperature of the substrate for the MWi-type layer was set to be higher than that 
of the RFi-type layer by 60*C. 

At this time, the thermocouples 126, 127. 128 and 129 disposed in the vacuum chamber 101 to come in 
contact with the reverse side of the moving elongated substrate 1 50 measured the temperatures of the suIk 
strate 150 at predetermined positions In the direction In which the substrate 150 was moved. Thus, the moving 

40 speed of the elongated substrate 150 was used to obtain the change rate of the substrate temperature per 
unit time immediately before and immediately after the discharging chamber 113. 

Then, the discharge electrodes in the discharging chambers 114, 115. 116 and 117 were supplied with high 
frequency electric power having a frequency of 1 3.56 MHz from the high frequency power source so that glow 
discharge was caused to take place in the discharging chambers 114. 115, 116 and 117. Microwave electric 

45 power having a frequency of 2.45 GHz was supplied to each applicator 130 In the discharging chamber 113 
through the wave guide pipe 131 from the microwave power source 132 to cause microwave glow discharge 
to take place in the discharging chamber 113. Thus, semiconductors 403-407 having p-i-n junction as shown 
in Fig. 8 were formed on the elongated substrate 150 for 10 minutes by sequentially depositing an n-type senr>- 
iconductor in the n-type layer forming vacuum chamber 103, i-type semiconductors in the i-type layer forming 

50 vacuum chambers 104, 101 and 1 05 and a p-type semiconductor in the p-type layer forming vacuum chamber 
106. 

After the semiconductors 403 to 407 had been formed on the elongated substrate 150, the elongated sub- 
strate 150 was cooled and then it was taken out from the continuous deposited film forming apparatus. Asec- 
ondary ion mass analyzer (SIMS) (IMS-4F manufactured by CAMECA) was used to examine the diffusion dis- 
55 tribution of impurities in the i-type semiconductor In the deposited film. 

The results of the examination are shown In Table 6. - 

As can be understood from the results, by heating and cooling performed at a rate of the temperature 
change of 4'C/second or higher before after forming the i-type semiconductor layer, the diffusion of impurities 
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into the i-type semiconductor can be prevented. . . 
Example 2 

5 Similarly to Example 1 , a photovoltaic device was manufactured by using the deposited film forming ap> 

paratus 200 shown in Fig. 2 and in the following procedure. 

Initially, similarly to Example 1 , an.elcngated substrate 250 (having a width of 40 cm, length of 200 m and 
a thickness of 0.1 25. mm) made of stainless steel (SUS430BA) was sufficiently degreased and cleaned and 
was set in a continuous sputtering apparatus (not shown). Then, a silver electrode (the purity of silver: 99.99%) 

10 was used as a target and a silver thin film having a thickness of 100 nm was deposited by sputtering. Then, 
a ZnO electrode (the purity of ZnO: 99.999%) was used as a target and a ZnO thin film having a thickness of 
1 .2 ^m was deposited on the silver thin film by sputtering. Thus, a lower electrode was formed on the elongated 
substrate 250. 

Then, a bobbin, around whk:h the elongated substrate 250 was wound, was set in a substrate feeding 
15 chamber 202, and the elongated substrate 250 was allowed to pass through the gas gates 251 to 256, n^type 
layer .forming vacuum chamber 203. the MWi-type layer forming, vacuum chamber 201, and the p-type layer 
forming vacuum chamber 206 to reach the substrate winding chamber 207. Then, the tension was adjusted to 
prevent slack of the elongated substrate 250. Then, the substrate feeding chamber 202, n-type layer forming 
vacuum chamber ,203, MWi-type layer forming vacuum chamber 201, p-type layer forming vacuum chamber 
20 206 and the substrate winding chamber 207 were exhausted to a level of 5x10-^ Torr or lower by a vacuum 
exhausting system (not shown) comprising an oil expanding pump, a mechanical booster pump and a rotary 
pump. 

While operating the vacuum exhausting system, the raw material gas for the deposited film was, under 
conditions similar to those shown in Table 1 , introduced into the discharging chamber 213 through the gas in- ^ 

25 troduction pipe 208; the raw material gas for the deposited film was, under conditions shown in Table 2, intro- 
duced into the discharging chamber 214 through the gas introduction pipe 209; and the raw material gas for 
the deposited film was, under conditions shown in Table 5, introduced into the discharging chamber 217 
through the gas introduction pipe 212. Simultaneously, hydrogen gases were, as gate gases, supplied to gas • 
gates 251, 252, 255 and 256 through the corresponding gas gate supply pipes (not shown) at a flow rate of 

30 500 seem. In the thus-realized state, the exhausting performance of the. vacuum exhausting system was ad- 
justed to maintain the internal pressure of the discharging chamber 213 at5 mTorrand to maintain the pressure 
in each of the discharging chambers 214 and 217 at 1.2 Torr. 

After the pressure in each of the discharging chambers 213, 214 and 217 had been stabilized, the move- 
ment of the elongated substrate 250 from the substrate feeding chamber 202 to the substrate winding chamber 

35 207 was started at the substrate, moving speed of 100 cm/minute. While moving the elongated substrate 250, * 
the infrared-ray lamp heaters 218. 220. 221 , 222 and 224 were turned on to heat the elongated substrate 250 
immediately before the inlet of the discharging chamber 213. Cold water was allowed to flow to the cooling 
roller 225 so that the elongated substrate 250 was cooled immediately after passing the discharging chamber 
213. 

40 By adjusting the lamp heaters and the flow rate of cooling water similarly to Example 1 . the temperatuer 

gradients between the thermocouples 226 and 227 and between the thermocouples 228 and 229 were made 
to be 1 degree/second to 50 degrees/second. The moving speed of the elongated substrate 250 and the length 
of the discharging chamber in each vacuum chamt>er were adjusted to make the thickness of the deposited 
film to be the same, and then the condition was changed within the range shown in Table 8 so as to make the 

45 deposition speed to be 5 nnVsecond. and the temperature of the substrate for the MWi-type layer was set to 
be higher than that of each of the n-type layer and the p-type layer by SO^'C. Thus, the moving speed of the 
elongated substrate 250 was used to obtain the change rate of the substrate temperature per unit time imme- 
diately before and Immediately after the discharging chamber 213. 

Then, thedischarge electrodes in the discharging chambers 214 and 217 were supplied with high frequen- 

50 cy electric power having a frequency of 13.56 MHz from the high frequency power source so that glow dis- 
charge was caused to take place in the discharging chambers 214 and 217. Microwave electric power having 
a frequency of 2.45 GHz was supplied to each applicator 230 in the discharging chamber 21 3 through the wave 
guide pipe 231 from the microwave power source 232 to cause microwave glow discharge to take place in the 
discharging chamber 213. Thus, semiconductors 403 to 407 having pin junction shown in Fig. 9 were fomied 

55 on the elongated substrate 250 for 1 0 minutes by sequentially forming an n-type semiconductor in the n-type 
layer fonming vacuum chamber 203, an i-type semiconductor in the MWi-type layer forming vacuum chamber 
201 , and a p-type semiconductor in the p-type layer fonming vacuum chamber 206. 

After the semiconductors 403 to 407 had been formed on the elongated substrate 250. the elongated sub- 
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strate 250 was cooled and then it was taken out from the continuous deposited film forming apparatus. A sec- 
ondary ion mass analyzer (SIMS) (IMS-4F manufactured by CAMECA) was used to examine the diffusion dis- 
tribution of impurities in the i-type semiconductor in the deposited film. 
The results of the examination are shown in Table 7. 
5 As can be understood from the results, by heating and cooling performed at a rate of the temperature 

change of 4°C/second or higher before and after forming the i-type semiconductor layer, the diffusion of im- 
purities into the i-type semiconductor can be prevented. 

Example 3 . : . . . 

Similarly to Example 1 , a photovoltatic device was manufactured by using the deposited film forming ap- 
paratus ICO shown in Fig. 1 and in the following procedure. 

Initially, an elongated substrate 150 (having a width of 40 cm, length of 200 m and a thickness of 0.125 
mm) made of stainless steel (SUS430BA) was sufficiently degreased and cleaned and was set in a chambers 

15 sputtering apparatus (not shown). Then a silver electrode (the purity of silver 99.93%) vvas used as a target 
and a silver thin film having a thickness of 100 nm was deposited by sputtering. Then, a ZnO electrode (the 
purity of ZnO: 99.999%) was used.as a target and a ZnO thin film having a thickness of 1.2 was deposited 
on the silver thin film by sputtering. Thus, a lower electrode was formed on the elongated substrate 150. - 
Then, a bobbin, around which the elongated substrate 150 was wound, was set in a substrate feeding 

20 chamber 102, and the elongated substrate 150 was allowed to pass through the gas gates 151 to 156, n-type 
layer forming vacuum chamber 103, the MWi-type layer forming vacuum chamber 101. RFi-layer forming va- 
cuum chambers 104 and 105, and p-type layer forming vacuum chamber 106 to reach the substrate winding 
chamber 107. Then, the tension was adjusted to prevent slack of the elongated substrate 1 50. Then, the sub- 
strate feeding chamber 1 02, n-type layer forming vacuum chamber 103, MWetype layer forming vacuum cham- 

25 ber 101, RFi-type layer forming vacuum chambers 104 and 105, p-type layer forming vacuum chamber 106 
and the substrate winding chamber 107 were exhausted to a level of 5 x 10-® Torr or lower by a vacuum ex- 
hausting system (not shown) comprising an oil expanding pump, a mechanical t>ooster pump and a rotary 
pump. 

While operating the vacuum exhausting system, the raw material gas for the deposited film was, under 

30 conditions shown in Table 8, introduced into the discharging chamber 113 through the gas itroduction pipe 108; 
the raw material gas for the deposited film was, under conditions shown in Table 2, introduced into the dis- 
charging chamber 114 through the gas introduction pipe 103; the raw material gas for the deposited film was, 
under conditions shown in Table 3, introduced into the discharging chamber 115 through the gas introduction 
pipe 110; the raw material gas for the deposited film was, under conditions shown in Table 4, introduced into 

35 the discharging chamber 116 through the gas introduction pipe 111; and the raw material gas for the deposited 
film was, under conditions shown in Table 5, introduced into the discharging chamber 117 through the gas in- 
troduction pipe 112. Simultaneously, hydrogen gases were, as gate gases, supplied to gas gate 151,1 52, 1 53, 
154, 155 and 156 through the corresponding gas gate supply pipes (not shown) at a flow rate of 500 seem. In 
the thus-realized state, the exhaustig performance of the vacuum exhausting system was adjusted to maintain 

40 the internal pressure of the discharging chamber 113 at 5 mTorr and to maintain the pressure in each of the 
discharging chambers 114, 115, 116 and 117 at 1.2 Torr. 

After the pressure in each of the discharging chambers 113, 114, 115 and 116 had been stabilized, the 
movement of the elongated substrate 150 from the substrate feeding chamber 102 to the substrate windig 
chamber 107 was started at the substrate mo^ng speed of 100 cm/minute. While moving the elongated sub- 

45 Strate 150, the infrared-ray lamp heaters 118, 119. 120. 121, 122, 123 and 124 were turned on to heat the 
elongated substrate 150 immediately before entering the inlet of the discharging chamber 113. Cold water was 
allowed to flow to the cooling roller 125 so that the elongated substrate 1 50 was cooled immediately after pas- 
sig the discharging chamber 102. 

By setting the substrate temperature of the MWi-type layer td be higher than that of the RFi-type layer by 

50 50*'C and by adjusting the lamp heaters and the flow rate of cooling water, the temperature gradients between 
the thermocouples 126 and 127 and between the thermocouples 128 and 129 were made to be 10 degree/sec- 
ond. Then, the deposition speed was changed to 0.5 nm/second to 25 nm/second within the condition in the 
range shown in Table 8. Furthermore, the moving speed of the elongated sut>strate 150 and the length of the 
discharging chamber in each vacuum chamber were adjusted to make the thickness of the deposited film to 

55 be the same. 

Then, the discharge electrodes in the discharging chambers114, 115, 116and 117 were supplied with high 
frequency electric power having a frequency of 13.56 MHz from the high frequency power source so that glow 
discharge was caused to take place in the discharging chambers 114, 115, 116 and 117.*Microwave electric 

16 



0661760A2 I > 



EP0 661 760 A2 



power having a frequency of 2.45 GHz was supplied to each applicator 130 in the discharging chamber 113 
through the wave guide pipe 131 from the microwave power source 132 to cause microwave glow discharge 
to take place in the discharging chamber 113. Thus, semiconductors 403 - 407 having p-i-n junction as shown 
in Fig. 6 were formed on the elongated substrate 150 for 10 minutes by sequentially forming an n-typ semi- 
5 conductor in the n-type layer forming vacuum chamber 103. i-type semiconductors in the i-type layer forming 
vacuum chambers 104, 101 and 105 and a p^type semiconductor in the p-type layer forming vacuum chamber 
1 06. 

After the semiconductors 403 to 407 had been formed on the elongated substrate 150. the elongated sub- 
strate 150 was cooled and then it was taken out from the continuous deposited film forming apparatus. Fur- 
to thenmore. the transparent electrode 408 and the collecting electrode 409 were formed on the p-type semicon- 
ductor 407 to complete forrnation of an elongated photoelectrical conversion device; 

Then, a contiuous module forming apparatus (not shown) was used so that the manufactured solar cells 
were fonmed into a plurality of solar cell modules each having a size 36 cm x 22 cm. By using pseudo sun light 
of AMI. 5 and 100 mWycm2, thercharaeteristlcs were evaluated to examine the relationship between the de- 
15 position speed of the +rtype semiconductor 405 and the characteristics. 

The results are shown in Table 9. . . 

As can be understood from the results, by heating and cooling performed at a rate of the temperature 
change of 4-C/second or higher before and after forming the i-type semiconductor layer and raising of the de- 
position speed to short the heating time, the diffusion of Impurities into the I-type semiconductor causing de- 
20 terioration of the charactenstics of the solar cell can be prevented. It can be understood that deterioration of 
the characteristics of the solar cell due tathe deterioration in the quality of the i-type semiconductor film can 
be prevented by preventing tne deposition speed to be raised excessively. 
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Example 4 



Similarly lo ExdiuiAt: 2. a photovoitatic device was manufactured* by using the deposited film forming ap- 
paratus 200 shown in ftg. 2 and in the following procedure; 

Initially, similar 1/ to example 1 . an elongated substrate 250 (having a width of 40 cm, length of 200 m and 
a thickness of 0.125 mm.) made of stainless steel (SUS430BA) was sufficiently degreased and cleaned and 
was set in a contmoous sputtering apparatus (not shown). Then, a silver electrode (the purity of silver: 99.99%) 
was used as a targei and a silver thin film having a thickness of 100 nm was deposited by sputtering. Then, 
a ZnO electrode (the puniy of 2nO: 99.999%) was used as a target and a 2nO thin film having a thickness of 
1 .2 ^m was deposited on the silver thin film by sputtering. Thus, a lower electrode was formed on the elongated 
substrate 250. 

35 Then, a bobbin, around which the elongated substrate 250 was wound, was set in a substrate feeding 

chamber 202. and the elongated substrate 250 was allowed to pass through the gas gates 251 to 256. n-type 
layer forming vacuum chamber 203, the MWi-type layer forming vacuum chamber 201, and the p-type layer 
forming vacuum chamber 206 to reach the substrate winding chamber 207. Then, the tension was adjusted to 
prevent slack of the elongated substrate 250. Then, the substrate feeding chamber 202, n-type layer forming 
vacuum chamber 203. MWi-type layer forming vacuum chamber 201. p-type layer forming vacuum chamber 

206 and the substrate winding chamber 207 were exhausted to a level of 5 x 10-« Torr or lower by a vacuum 
exhausting system (not shown) comprising an oil expanding pump, a mechanical booster pump and a rotary 
pump. 

While, operating the vacuum exhausting system, the raw material gas for the deposited film was. under 
conditions similar to those shown in Table 8, introduced into the discharging chamber 213 through the gas in- 
troduction pipe 208: the raw material gas for the deposited film was. under conditions shown In Table 2, intro- 
duced into the discharging chamber 214 through the gas introduction pipe 209; and the raw material gas for 
the deposited film was. under conditions shown in Table 5, introduced into the discharging chamber 217 
through the gas introduction pipe 212. Simultaneously, hydrogen gases were, as gate gases, supplied to gas 
50 gates 251, 252. 255 and 256 through the corresponding gas gate supply pipes (not shown) at a flow rate of 
500 seem. In the thus-realized state, the exhausting performance of the vacuum exhausting system was ad- 
justed to maintain-the internal pressure of the discharging chamber 213 at 5 mTonr and to maintain that In each 
of the discharging chambers 214 and 217 at 1.2 Ton-. 

After the pressure in each of the discharging chambers 213, 214 and 217 had been stabilized, the move- 
ment of the elongated substrate 250 from the substrate feeding chamber 202 to the substrate winding chamber 

207 was started at the substrate moving speed of 100 cm/minute. While moving the elongated substrate 250. 
the infrared-ray lamp heaters 218, 220. 221 . 222 and 224 were turned on to heat the elongated substrate 250 
Immediately before entering the inlet of the discharging chamber 213. Cold water was allowed to flow to the 
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cooling roller 225 so that the elongated substrate 250 was cooled immediately after passing the discharging 
chamber 202. 

By setting the substrate temperature of the MWi-lype layer to be higher than that of the n^type layer and 
the p-type layer by 50**C and by adjusting the lamp heaters and the flow rat of cooling water similarly to Ex- 

5 ample 2. the temperature gradients between the thermocouples 226 and 227 and between the thenmocouples 
228 and 229 were made to be 10 degree/second. The condition was changed within the range shown in Table 
8 to change the deposition speed to 0.5 nm/second to 25 nm/second. Furthermore, the moving speed of the 
elongated substrate 250 and the length of the discharging chamber in each vacuum chamber were adjusted 
to make the thickness of the deposited film to be the same, . - 

10 Then, the discharge electrodes in the discharging chambers 214 and 217 were supplied with high frequen- 

cy electric power having a frequency of 13.56 MHz from the high frequency power source so that glow dis- 
charge was caused to take place in the discharging chambers 214 and 217. Microwave electric power having 
a frequency of 2.45 GHz was supplied to each applicator 230 in the discharging chamber21 3 through the wave 
guide pipe 231 from the microwave power source 232 to cause .microwave glow discharge to take place in the 

15 discharging chamber 213. Thus, semiconductors 403 to 407 having p-i-n junction as shov/n in Fig. 9 were' 
fcmed on the elongated substrate 250 for 10 minutes by sequentiaUy forming an n-type semiconductor in the 
n- :;e layer forming vacuum chamber 203, an f-type semiconductor in the i-type layer forming vacuum cham- 
ber 201 , and a p-type semiconductor in the p-type layer forming vacuum chamber 206. 

After the semiconductors 403 to 407 had been formed on the elongated substrate 250. the elongated sub- 

20 strata 250 was cooled and then it was taken out from the chambers deposited film forming apparatus. Fur- 
thermore, the transparent electrode (not shown) and the collecting electrode (not shown) were further fonmed 
on the p-type semiconductor 407 so that an elongated photoelectrical conversion device was manufactured. 

Then, a continuous module forming apparatus (not shown) was used so that the rhanufactured solar cells 
were formed into a plurality of solar cell modules each having a size 36 cm x 22 cm. By using preudo sun light 

25 of Ami. 5 and 100 mW/cm^, the characteristics were evaluated to examine the relationship between the de- 
position speed of the i-type semiconductor 405 and the characteristics. 
The results are shown in Table 10. 

As can be understood from the results, by heating and cooling performed at a rate of the temperature 
change of 4°C/second or higher before and after form.ing the i-type semiconductor layer and further raising of 
30 the deposition speed to short the heating time, the diffusion of impurities into the i-type semiconductor causing 
deterioratton of the characteristics of the solar cell can be prevented. It can be understood that deterioration 
of the characteristics of the solar cell due to the deterioration in the quality of the i-type semiconductor film 
can be prevented by preventing the deposition speed to be raised excessively. 

35 Example 5 

Similarly to Example 3, a photovoltaic device was manufactured by using the deposited film forming ap- 
paratus 300 for forming a triple cell shown in Figs. 3, 4 and 5 and in the following procedure. 

Similarly to Example 3. an elongated substrate 340 (having a width of 40 cm, length of 200 m and a thick- 
40 ness of 0.125 mm) made of stainless steel (SUS430BA) was sufficiently degreased and cleaned and was set 
in a continuous sputtering apparatus (not shown). Then, a silver electrode (the purity of silver: 99.99%) was 
used as a target and a silver thin film having a thickness of 100 nm was deposited by sputtering. Then, a ZnO 
electrode (the purity of ZnO: 99.999%) was used as a target and a ZnO thin film having a thickness of 1.2 nm 
was deposited on the silver thin film by sputtering. Thus, a lower electrode was formed on the elongated sub- 
45 strata 340. 

Then, a bobbin, around which the elongated substrate 340 was wound, was set in a substrate' feeding 
chamber 302 shown in Fig. 3. and the elongated substrate 340 was allowed to pass through the. introduction 
side gas gates, n-type layer forming vacuum chamber 303 for the bottom layer, the i-type layer forming vacuum 
chambers 304, 301 and 305 for the bottom layer, p-type layer forming vacuum chamber 306 for the bottom 

50 layer Shown in Fig. 3, the n-type layer forming vacuum chamber 342 for the middle layer, the i-type layer forming 
vacuum chambers 343. 341 and 344 for the middle layer, the p-type layer forming vacuum chanfiber 345 for 
the middle layer shown in Fig, 4. the n-type layer forming vacuum chamber 372 for the top layer, the i-type 
layer forming vacuum chamber 371 for the top layer, the p-type layer forming vacuum chamber 373 for the top 
layer and the outlet side gas gates shown in Fig. 5 to reach the substrate winding chamber 374. Then, the 

55 tension was adjusted to prevent slack of the elongated substrate 340. Then, the substrate feeding chamber 
302, the n-type layer forming vacuum chambers 303. 342 and 372, the i-type layer forming vacuum chambers 
304, 301, 305. 343. 341. 344 and 371. the p-type layer forming vacuum chambers 306, 345 and 373. and the 
substrate winding chamber 374 were exhausted to a level of 5 x 10^ Torr or lower by a vacuum exhausting 
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system (not shown) comprising an oil expanding pump, a mechanical booster pump and a rotary pump. 

While operating the vacuum exhausting system, the raw material gas for the deposited film was, similarly 
to the conditions shown in Table 1, introduced into the discharging chambers 312 arid 351 through the gas 
introduction pipes 307 and 346; the raw.materiat gas for the deposited film was, under conditions, shown in 
Table 2, introduced. Into the discharging chambers 31.3.352 and 379 through the gas introduction pipes 308, 
347 and 376; the raw material gas for the deposited film was, under conditions shown In Table 3. introduced 
into the discharging chambers 314, 353 and 378«through the gas introduction pipes 309. 348 and 375; the raw 
material gas for the deposited film was, under conditions shown in Table 4, introduced into the discharging 
chambers 315 and 354 through the gas introduction pipes 310 and 349; and the raw material gas for the de- 
posited film was. under conditions shown in Table 5, introduced into the discharging chambers 316. 355and 
380 through the gas introduction pipes 311 , 350 and 377. Simultaneously, hydrogen gases were, as gate gas- 
es, supplied to the gas gates at a flow rate of 500 seem through the gate gas supply pipes (not shown). In the 
thus-realized state, the exhausting perfonmace of the vacuum exhausting system was adjusted to maintain the 
internal pressure of the discharging chambers 312 and 35^1 at 5 mTonr and to maintain that in each of the dis- 
charging chambers 313. 314. 315, 31 6.. 352; -353. 354, 355, 378, 379 and 380 at 1.2 Torr^ 

After the pressure in each of the discharging chambers 312, 313, 314. 315, 316, 351. 352, 353, 354, 355, 
378, 379 and 380 had been stabilized, the movement of the elongated substrate 340from the substrate feeed- 
ing chamber 302 to the substrate winding chamber 374 was started at the substrate moving speed of 100 
cm/rninute. While moving the elongated substrate 340, the infrared-ray lamp heaters 317. 318, 319. 320, 321 
322. 323. 356. 357. 358, 359. 360i 361 . 362. 381, 382. 383, 384 and 385 were turned on to heat the elongated 
substrate 340 immediately before the Inlets of the discharging chambers 312 and 351. Cold water was allowed 
to flow to the cooling rollers 324 and 363 so that the elongated substrate 340 was cooled Immediately after 
the discharging chambers 312 and 351. 

By setting the substrate temperature of the MWi-type layer to be higher than that of the substrate tem- 
perature of the RFi-type layer by 50*C and by adjusting the lamp heater and the flow rate of cooling water, 
the temperature gradients between the thermocouples 325 and 326, between the thermocouples 364 and 365,' 
between the thenmocouples 327 and 328 and between the thermocouples 366 and 367 were made to be 
4°C/second or more. The moving speed of the elongated substrate 340 and the length of the discharging cham- 
ber in each vacuum chamber were adjusted to make the deposition speed of the i-type layer semiconductor 
to be 10 nm/second. 

To make photoelectric currents generated by respective cells 411. 412 and 413 to be smaller in the men- 
tioned order of the cells 411 , 412 and 41 3 vvhen light is made incident upon the photovoltaic device shown in 
Fig. 1 0, the lengths of the discharging chambers 312, 351 and 378 were adjusted. 

At this time, the thermocouples 325. 326. 364. 365. 327, 328. 366 and 367 disposed in the vacuum cham- 
bers 301 and 341 to come in contact with the reverse side of the moving elongated substrate 340 measured 
the temperatures of the substrate 340 at predetennined positions in the direction in which the substrate 340 
was moved. Thus, the moving speed of the elongated substrate 340 was used to obtain the change rate of the 
substrate temperature per unit time Immediately before and immediately after the discharging chambers 312 
and 351. 

Then, the discharge electrodes in the discharging chambers 313, 314, 315, 316, 352, 353, 354. 355, 378, 
379 and 380 were supplied with high frequency electric power having a frequency of 1 3.56 MHz from the high 
frequency power source so that glow discharge was cuased to take place in the discharging chambers 313, 
314, 315. 316. 352, 353, 354, 355, 378.- 379 and 380. Microwave electric power having a frequency of 2.45 
GHz was supplied to applicators 329and 368 in the discharging chambers 31 2 and 351 through the wave guide 
pipes 330 and 369 from the microwave power sources 331 and 370 to cause microwave glow discharge to 
take place in the discharging chambers 312 and 351. Thus, semiconductors 403-407 having p-i-n junctions as 
shown in Fig. 10 were fornried on the elongated substrate 340 for 10 minutes by sequentially forming the n- 
type semiconductors in the n-type layer forming vacuum chambers 303, 340 and 372. the i-type semiconduc- 
tors in the I-type layer forming vacuum chambers 301, 304, 305, 341, 343, 344 and 371. and the.p-type sem- 
iconductors in the p-type layer forming vacuum chambers 306, 345 and 373. . 

After the semiconductors 403 to 407 had been formed on the elongated substrate 340, the elongated sub- 
strate 340 was copied and then it was taken out from the continuous deposited film forming apparatus. Fur- 
thenmore. the transparent electrpde 408 and the collecting electrode 409 were formed on the p-type sernicon- 
ductor so that the solar cell which. was an elongated photoelectrical conversion device was manufactured. 

Then, a continuous module forming apparatus (not shown) was used so that the manufactured solar cells 
were fomned into a plurality of solar cell modules each having a size 36 cm x 22 cm. By using pseudo sun light 
of AMI .5 and 1 00 mW/cm2, the characteristics were evaluated to examine the relationship between the change 
rate of the substrate temperature and the characteristics immediately before and immediately after the dis- 
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charging chambers 312 and 351. 

The results are shown in Table 11. 

As can be understood from the results, by heating and cooling perormed at a rate of the tennperature 
change of 4°C/second or higher before and after formig the i-type senniconductor layer, the diffusion of impur- 
5 ities into the i-type senniconductor can.be prevented. As the result, excellent characteristics of the solar cell 
were obtained. 

Example 6 

10 Similarly to Example 4. a photovoltaic device^ was manufactured by using the deposited film forming ap- 

paratus 200 shown in Fig. 2 and in the following procedure. 

Initially, similarly to Example 1, an elongated substrate 250 (having a width of 40 cm. length of 200 m and 
a thickness of 0.125 mm) made of stainiess steel (SUS430BA) was sufficiently degreased and cleaned and 
was set in a continuous sputtering apparatus (not shown). Then, a silver electrode (the purity of silver: 99.99%) 

15 was used as a target and a silver thin film having a thickness of 100 nm was deposited by sputtering. Then, 
a ZnO electrode (the purity of ZnO: 99.999%) was used as a target and a ZnO thin film having a thickness of 
1 .2 )xm was deposited on the silver thin film by sputtering. Thus, a tower electrode was formed on the elongated 
substrate 250. 

Then, a bobbin, around wtich the elongated substrate 250 was wound, was set in a substrate feeding 

20 chamber 202. and the elongated substrate 250 was allowed to pass through the gas gates 251 to 256, n-iype 
layer forming vacuum c^amt)er 203. the MWi-type layer forming vacuum chamber 201, and the p-type layer 
forming vacuum chamber 206 to reach the substrate widing chamber 207. Then, the tension was adjusted to 
prevent stack of the elongated substrate 250. Then, the substrate feeding chamber 202. n-type layer forming 
vacuum chambej 203, »-type layer forming vacuum chamber 201, p-type layer forming vacuum chamber 206 

25 and the substrate winding chamber 207 were exhausted to a level of 5 x 10"^ Torr or lower by a vacuum ex- 
hausting system (not shown) compnsing an oil expanding pump, mechanical booster pump and a rotary pump. 

While operating the vacuum exhausting system, the raw material gas for the deposited film was,- under 
conditions shown in Tat)te 8. vitroduced into the discharging chamber 213 through the gas introduction pipe 
208; the raw matenal gas for the deposited film was, under conditions shown in Table 2. introduced into the 

30 discharging chamber 214 through the gas introduction pipe 209; and the raw material gas for the deposited 
film was. under conditions shown in Table 5, introduced into the discharging chamber 217 through the gas in- 
troduction pipe 212. Simitftaneously, hydrogen gases were, as gate gases, supplied to gas gates 251, 252, 
255 and 256 through the corresponding gas gate supply pipes (not shown) at a flow rate of 500 seem. In the 
thus-realized state, the exhausting perfonmance of the vacuum exhausting system was adjusted to maintain 

35 the pressure in the discharging chamber 213 at 5 mTorr and to maintain that in each of the discharging cham- 
bers 214 and 217 at 1.2 Torr. 

After the pressure in each of the discharging chambers 213, 214, 216 and 217 had been stabilized, the 
movement of the e4or>gated substrate 250 from the substrate feeding chamber 202 to the substrate winding 
chamber 207 was started at the substrate moving speed being 100 cnn/minute. While moving the elongated 

40 substrate 250. the infrared-ray lamp heaters 218, 220. 221 , 222 and 224 were turned on to heat the elongated 
substrate 250 immediately t>efore the inlet of the discharging chamber 213. Cold water was allowed to flow to 
the cooling roller 225 so that the elongated substrate 250 was cooled immediately after the discharging cham- 
ber 202. 

By adjusting the lamp heaters and the flow rate of cooling water similarly to Example 2, the temperature 
45 gradients between the thermocouples 226 and 227 and between the thermocouples 228 and 229 were made 
to be 1 0 degree/second. The substrate temperature of the i-type semiconductor was made to be higher in the 
range of the difference between the substrate temperatures of the n-type semiconductor and of the i-type senrv 
iconductor and between substrate temperatures of the I-type semiconductor and of the p-type semiconductor 
being 5^C to400*^C. By changing the condition within the range shown in Fig. 8, the deposition speed was made 
50 to be 5 nm/second. Furthermore, the moving speed of the elongated substrate 250 and the length of the dis- 
charging chamber in each vacuum chamber were adjusted to make the thickness of the deposited film to l>e 
the same. 

Then, the discharge electrodes in the discharging chambers 214 and 217 were supplied with high frequen- 
cy electric power having a frequency of 13.56 MHz from the high frequency power source so that glow dis- 
ss charge was caused to take place in the discharging chambers 214 and 217. Microwave electric power having 
a frequency of 2.45 GHz was supplied to each applicator 230 in the discharging chamber 213 through the wave 
guide pipe 231 from the microwave power source 232 to cause microwave glow discharge to take place in the 
discharging chamber 213. Thus, semiconductors were 403 to 407 having p-i-n junctions shown in Fig. 9 forrned 

20 
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on the elongated substrate 250 for 10 minutes by sequentially by forming an n-type semiconductor in the n- 
type lay r forming vacuum chamber 203. an i-type semiconductor in the i-type layer forming vacuum chamber 
201 . and a p-type semiconductor in the p-type layer forming vacuum chamber 206. 

After the semiconductors 403 to 407 had been formed on the elongated substrate 250. the elongated sub- 
siraie 250 was cooled and then it was taken out from the continuous deposited film forming apparatus. Fur- 
thermore, the transparent electrode (not shown) and the collecting electrode (not shown) were formed on the 
p-type semiconductor 407 so that an elongated solar cell was manufactured. 

Then, a continuous module forming apparatus (not shown) was used so that the manufactured solar cells 
were formed into a multiplicity of solar cell modules each having a size 36 cm x 22 cm. By using pseudo sun 
light of AMI. 5 and 100 mW/cm2,.the characteristics were evaluated to examine the relationship between the 
deposition speed and the characteristics of the i-type:semiconductor405. 

The results are shown in Table.1 2. 

As can be understood from the results, by heating and cooling performed at a rate of the temperature 
change of 4''C/second or higher before and after forming the i-type semiconductor layer and by setting the 
6iUerence between the substrate temperature before-and after the forming at 10<*C or more, doping of phos- 
phorus atoms into the n-layer and boron atomsjn.the p-layer can be performed efficiently. If the difference is 
300-C or less, diffusion of phosphorous in the n-layer and boron atoms in the player into the i-layer cannot be 
prevented. In this case, the characteristics of the solar cell deteriorates. 

Comparative Example 1 . 

Similarly to Example 5, a photovolattc device was manufactured by using the deposited film forming ap- 
paratus 300 shown in Figs. 3, 4 and 5 and in the following procedure. 

A silver thin film and a ZnO thin film were formed on the elongated substrate 340 made of stainless steel ^ 
(SUS430BA) similarly to Example 3 so that a lower electrode was formed. 

Theri. a bobbin, around which the elongated substrate 340 was wound, was set in a substrate feeding 
chamber 302. and the elongated substrate 340 was, similarly to Example 5. allowed to pass to reach the sub- - 
strate winding chamber 374. Then, the tension was adjusted to prevent slack of the elongated substrate 340 ^ 
Then, the substrate feeding chamber 302, the n-type layer fonning vacuum chambers 303, 342 and 372 the 
Mype layer forming vacuum chambers 304, 301, 305, 343, 341 , 344 and 371, the p-type layer forming vacuum 
chambers 306. 345 and 373, and the substrate winding chamber 374 were exhausted to a level of 5 x lO-e 
Torr or lower by a vacuum exhausting system (not shown) comprising an oil expanding pump, a mechanical 
booster pump and a rotary pump. 

While operating the vacuum exhausting system, and similarly to Example 5. the raw material gas for the 
deposited film was, under the same conditions shown in Table 1, introduced into the discharging chambers 
312 and 351 through the gas introduction pipes 307 and 346; the raw material gas for the deposited film was 
under conditions shown in Table 2, introduced into the discharging chambers 313. 352 and 379 through the 
gas introduction pipes 308, 347 and 376; the raw material gas for the deposited film was. under conditions 
shown in Table 3. introduced into the discharging chambers 314. 353 and 378 through the gas introduction 
pipes .309. 348 and 375; the raw material gas for the deposited film was, under conditions shown in Table 4 
introduced into the discharging chambers 315 and 354 through the gas introduction pipes 310 and 349- and 
the raw material gas for the deposited film was, under conditions shown in Table 5, introduced into the dis- 
charging chambers 316. 355 and 380 through the gas introduction pipes 311. 350 and 377. Simultaneously 
hydrogen gases were, as gate gases, supplied to the gas gates at a flow rate of 500. seem through the gate 
gas supply pipes (not shown). In the thus-realized state, the exhausting performance of the vacuum exhausting 
system was adjusted to maintain the pressure in the discharging chambers 312 and 351 at 5 mTorr and to main- 
tain that in each of the discharging chambers 313, 314, 315. 316. 352, 353, 354. 355. 378, 379 and 380 at 1.2 
Ton*. 

After the pressure in each of the discharging chambers 312, 313, 314, 315, 316, 351. 352,353, 354, 355 
378. 379 and 380 had been stabilized, the movement of the elongated substrate 340 was started at a moving 
speed of 100 cmyminute. Then, the infrared-ray lamp heaters were turned on to heat the elongated substrate 
340 immediately before the inlets of the discharging chambers 312 and 351. Cold water was allowed to flow 
to the cooling rollers 324 and 363 so that the elongated substrate 340 was cooled immediately after the dis- 
charging chambers 312 and 351. 

By adjusting the lamp heaters and the flow rate of cooling water, the temperature gradient among the ther- 
mocouples 325, 326. 364 and 365 and among the thermocouples 327. 328, 366 and 367 was made to be 
4X/second or less. To make the deposition speed of the i-type semiconductor to be 10 nm/sec, the moving 
speed of the elongated substrate 340 and the length of the discharging chamber in each vacuum chamber were 
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adjusted. 

To make photoelectric currents generated by respective cells 411, 412 and 413 to be smaller in the se- 
quential order as those generated in the cells 411, 412 and 413 when light is made incident upon the photo- 
voltaic device shown in Fig. 10, the lengths of the discharging chambers 312. 351 and 378 were adjusted. 

At this time, the thermocouples 325, 326, 364, 365, 327, 328, 366 and 367 disposed in the vacuum cham- 
bers 301 and 341 to come in contact with the reverse side of the moving elongated substrate 340 measured 
the temperatures of the substrate 340 at predetemnined positions in the direction in which the substrate 340 
was moved. Thus, the moving speed of the elongated substrate 340 was used to obtain the change rate of the 
substrate temperature per unit time immediately before and immediately after the discharging chambers 312 
and 351. 

Then, similarly to Example 5, high frequency electric power having a frequency of 1 3.56 MHz was supplied 
from the high frequency power source so that glow discharge was caused to take place in the discharging 
chambers 313, 314. 315, 316, 352. 353. 354, 355, 378, 379 and 380. Microwave electric power having a fre- 
quency of 2.45 GHz was supplied to applicators through the wave guide pipes from the microwave power sourc- 
es to cause microwave glow discharge to take place in the discharging chambers 312 and 351 . 

The semiconductors 420 to 442 having p-i-n junctions shown in Fig.:1 0 were formed on the elongated sub- 
strate 340 for 10 minutes. 

After the semiconductors 420 to 442 had been formed on the elongated substrate 340, the elongated sub- 
strate 340 was cooled and then it was ejected from the continuous deposited film fonming apparatus. Further- 
more, the transparent electrode 408 and the collecting electrode 409 were formed on the p-type semiconductor 
407 so that an elongated solar cell was manufactured. 

Then, similarly to Example 5, a continuous module forming apparatus (not shown) was used so that the 
manufactured solar cells were formed into solar cell modules. By using pseudo sun light of AM1.5 and 100 
mW/cm2, the characteristics were evaluated to examine the relationship between the change rate of the sub- 
strate temperature per unit time and the characteristics immediately before and immediately after the discharg- 
ing chambers 312 and 351. 

The results are shown in Tables 13 and 14. 

As can be understood from the results, heating and cooling performed at a rate of the temperature change 
of not higher than 4**C/second before and after forming the i-type semiconductor layer resulted in the diffusion 
of impurities into the i-type semiconductor. In this case, excellent characteristics of the solar cell cannot be 
obtained. 

As described above, according to the present invention, there is provided a process for forming a deposited 
film by plasma CVD so as to continuously form a deposited film on an elongated substrate in a vacuum cham- 
ber, which comprises heating the substrate immediately before an inlet of a flow discharging region in the va- 
cuum chamber at a rate of 4*»C/second or higher and while cooling said substrate at a rate of 4*'C/second or 
higher immediately after an outlet of the glow discharging region while continuously moving the substrate in 
a lengthwise direction of the substrate in the vacuum chamber and forming a semiconductor layer on the sub- 
strate at a deposition speed of 0.1 nm/second to 20 nm/second by plasma CVD. As a result, the semiconductor 
can be protected from annealing, a solar cell exhibiting excellent conversion efficiency can be formed contin- 
uously on a substrate having a larger area without ununiformity. 
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Table 1 





Raw Material Gas 


SiH4: 


500 seem 


5 




GeH4:. 
H2: 


200 sccni 
800 seem 




Microwave Electric power 


500 W. 


10 


Position at which the temper- 
ature of substrate is meas- 
ured at the time of moving 
substrate 


Thermocouple 1 26 (in the vicinity of the inlet of discharging chamber) 


15 




Thermocouple 127 (immediately before the discharging chamber) 

Theirmocoupie 128 (immediately after the discharging chamber) 

Thermocouple 129 (in the yidnity of the. outlet of the electricity discharge 
chamber) 



20 

Table2 



Raw material gas 


SiH4 : 


200 seem 




Ha : 


400 seem 


High frequency Electric power 


400 W 


Substrate Temperature in Discharging Chamber 


300^C (constant) 


Pressure in Discharging Chamber 


1.1 Torr 


Table 3 


Raw material gas 


SiH4 : 


200 seem 




H2: 


400 seem 


High frequency Electric power 


400 W 


Substrate Temperature in Discharging Chamber 


300**C (constant) 


Pressure in Discharging Chamber 


1.1 Torr 


Table 4 


Raw material gas 


SiH4 : 


200 seem 




Ha: 


400 seem 


High frequency Electric power 


400 W 


Substrate Temperature in Discharging Chamber 


300*C (constant) 


Pressure in Discharging Chamber 


1.1 Torr 



55 
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Table 5 



5 



TO 



Raw material gas 


SiH4: 


25 seem 




BF3: 


1 seem 




H2: 


900 seem 


High frequency Electric power ... 


700 W- 


Substrate Temperature in Discharging Chamber . ^ . . 


ZJO'^CXconstant) 


Pressure in Discharging Chamber 


1.1Torr 



IS 

Table 6 



20 




* 1 








« -> 




l.G 


2 . 0 


3 .0 


4 .0 


5.0 j 


10.0 j 


20 .0 


50 .0 






1.0 


D 


D 


D 


n 


D 


D 


D 


D 


25 




2.0 


D 


D 


D 


c 


C 


C 


C 


C 






3.0 


D 


D 


C 


E 


B 


3 


B 


B 






4 .0 


D 


U 


C 


A 


A 


A 


A 


A 


30 




0.0 


D 


B 


E 


A 


A 


A 


A 


A 






10.0 


D 


C 


B 


A 


A 


A 


A 


A 


35 




20.0 


D 


C 


B 


A 


A 


A 


A 


A 






50 .0 




E 


B 


A 


A 


A 


1 A 


A 







Temperat:ure 


gradicnc from 


RFi- 


type semiconductor 


404 


40 




CO MWi-t:ype 


semiconductor 


405 


( ' 0/ second) 






* 2 


Temperatiure 


gradient from 


IWi- 


■type semiconductor 


405 






CO Rri-cype 


semiconductor 


406 


( -C/ second} 





45 

As for the haJf value (film thickness) of the content of dopant In a doped layer (sandwiching the MWi-layer) 
evaluated with SIMS, assuming the point of *1 : 50°C/sec and *2: 50^C/sec to be 1 , results of 0.9 or higher were 
given A. results of 0.8 or higher and not higher than 0.9 were given B, results of 0.05 or higher and not higher 
than 0.8 were given C, and results not higher than 0,5 were given D. 



55 



24 



NSDCXIO <£P 0661760A2 I > 



EP0 661 760 A2 



Table 7 

5 







*3 


10 


*4 




1.0 


2.0 


3.0 


4.0 


5.0. 


.10.0 


20,0 


50.0 




1.0 


D 


D 


D 


D 


D 


D 


D 


D 






2.0 


D 


D 


D 


D 


D 


D 


D 


C 


IS 




3.0 


D 


D 


D 


C 


C 


B 


B 


B 






4 . 0 


D 


D 


C 


A 


A 


A 


A 


A 






5.0 


D 


D 


c 


A 


A 


A 


A 


A 


20 




10.0 


D 


D 




A 


A 


A 


A 


A 






20.0 


D 


D 


B 


A 


A 


A 


A 


A 






50.0 


D 


D 


B 


A 


A 


A 


A 


A 



2$ *3 Temperature gradient from n-type semiconductor 403 

to MWi-type semiconductor 405 ( *C/ second) 
*4 Temperature gradient from MWi-type semiconductor 405 
30 to p- type semiconductor 407 ('C/second) 

35 As for the half value (film thickness) of the content of dopant in a doped layer (sandwiching the MWi-layer) 

evaluated with SIMS, assuming the point of *3: SO^'C/sec and M: 50^C/sec to be 1 , results of 0.9 or higher were 
given A, results of 0.8 or higher and not higher than 0.9 were given B, results of 0.05 or higher and not higher 
than 0.8 were given C. and results not higher than 0.5 were given D. 



40 Table 8 





Raw Material Gas 


SIH4 


50 to 500 seem 






GeH4 


20 to 200 seem 


45 




H2 


300 to 800 seem 




Microwave Electric Power 




300 to 500 W 



50 



55 



25 



MSDOCID: <EP 0661760A2_L> 



EP0 661 760 A2 



TabI 9 



Deposition Rate of i-type Semiconductor (nm/sec) 


Characteristics 


0.5 


D 


0.8 - 


C 


1.0 


A 


5.0 


A 


20.0 


A 


22.0 


C 


25.0 


D 



where assuming that the characteristics at deposition rate of 20.0 nm/sec (practically acceptable limit of char- 
acteristics having Isc, Voc and F.F. that are not too low) to be 1 , results of 1 or higher were given A, results not 
higher than 1 and 0.7 or higher were given B, results not higher than 0.7 were given C and results of 0.5 or 
lower were given D. 

20 

Table 10 - 



Deposition Rate of Uype Semiconductor (nm/sec) 


Characteristics 


0.5 


D 


0.8 


B 


1.0 


A 


5.0 


A 


20.0 


A 


22.0 


D 


25.0 


D 



35 

where assuming that the characteristics at deposition rate of 20.0 nm/sec (practically acceptable limit of char- 
acteristics) to be 1 , results of 1 or higher were given A, results not higher than 1 and 0.7 or higher were given 
B. results not higher than 0.7 were given C and results of 0.5 or lower were given D. 
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Table 11 



*1 



10 



IS 



*2 


4.0 


5.0 


{ 10.0 


20.0 50.0 


i 4.0 


A . 


A 


A 


A 


I ^ 


! 

1 

1- - 

1 

i 

1- - 


5.0 


A 


A 


A 


A 


A 


10.0 


A 


A 


A 


A 


A 


1 20.0 


A 


A 


A 


A 


A 


1 50.0 

i 


A 


A * 


A 


A 


A 



20 

*1 Temperature gradient from RFi- type semiconductor 

404 to MWi-type semiconductor 405 ( **C/second) 

*2 Temperature gradient from MWi-type semiconductor 

405 to RFi-type semiconductor 406 CC/second) 

30 where assuming that the characteristics at a change rate of the substrate temperature of 4.0 (*'C/sec)/4.0 
(^'C/sec) (practically acceptable limit of characteristics) to be 1, results of 1 or higher were given A. 

35 
40 
45 
50 
55 

27 



' 0e6l760A2J_> 



EP0661 760 A2 



Table 12 



I 

*3 . . i 





*± 




O 

t 


10 


20 


; OU 


I xUU 

i' 








10 




ir 
3 


r 

; ^ 


C 


C 


: C 


c 


C 


C 


P . 






10 


B 


A : A 


A 


A 


A 


A 


D 


IS 




20 


B 


A 


I A. . 


A 


- A 


A 


.1 -A 


D 




50 


B 


A 


A 

■ 


A 


i A 


A 


T 

!'A 


D 






100 


B 


A 


A 


A 


A 


A 


i ^ 




20 




200 


B 


A 


A 


1 

A 


1 

A 


A 


-j 1 

i A 




D 






300 


B 


A 


A 


A 


A 


A 


; A 


D 






350 


D 


D 


D 


D 


D 


D 


1 — 

i ° 


D 



25 



*3 Temperat:ure gradient from n-t:ype semiconductior 403 
^ to MWi-type semiconductor 405 (•C/second) 

*4 Temperature gradient from MWi-type semiconductor 
405 to p-type semiconductor 407 (•C/second) 

35 

where assuming that the characteristics at the change of the substrate temperature was 10 (''C/sec)/10 
(**C/sec) (practically acceptable limit of characteristics) to be 1 , results of 1 or higher were given A, results not 
higher than 1 and 0.7 or higher were given B. results not higher than 07 were given C and results not higher 
than 0.5 were given D. . 
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Table 13 



5 



10 





*1 






1 . 0 


2.0 


3.0. 


4.0 


5.0 


10.0. 


20 . 0 


50 . 0 




1.0 . 


D 


D 


D 


D 


D 


D 


D 


D 




2.0. 


D 


D 


D 


D 


D 


D 


D 


D 




3 . 0 


D 


D 


D 


D 


D 


C 


C 


C 



Temperature gradient from RFi-type semiconductor 404 
to MWi-type semiconductor 405 ('C/second) 
^emperature gradient from MWi-type semiconductor 405 
to RFi-type semiconductor 406 ('C/second) 

where assuming that the characteristics at the change rate of substrate temperature of 4.0 ('*C/sec)/4.0 (°C/sec) 
25 (practically acceptable limit of characteristics) to be 1 , results not higher than 0.7 and 0.5 or higher were given 
C and results not higher than 0.5 were given D. 

Table 14 

30 - 



35 



40 





*1 


*2 




1.0 


2.0 


3 .0 


4.0 


5.0 


10.0 


20 . 0 


50 . 0 


1.0 


D 


D 


D 


D 


D 


D 


D 


D 


2.0 


D 


D 


D 


D 


D 


D 


D 


D 


3 .0 


D 


D 


D 


D 


C 


C 


C 


C 



Temperature gradient from RFi-type semiconductor 404 
to MWi-type semiconductor 405 ( *C/second) 
Temperature gradient from MWi-type se.miconductor 405 
to RFi-type semiconductor 406 ('C/second) 

where assuming that the characteristics at the change rate of substrate temperature of 4.0 (*'C/sec)/4.0 {**C/sec) 
(practically acceptable limit of characteristics) to be 1 . results not higher than 0.7 and 0.5 or higher were given 
C and results not higher than 0.5 were given O. 
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Claims. 

1. A process for forming a deposited film by glow discharge on a belt-like substrat which continuously 
moves and has a semiconductor having conductivity deposited thereon, which comprises the steps of: 

heating said substrate before entering a glow discharging region; 
forming a deposited film in said glow discharging region; and 
cooling said substrate after passing said glow discharging region. 

2. A process for forming a deposited film according to daim 1 , further comprising a step of maintaining the 
temperature of said substrate in said glow discharging region. 

3. A process for forming a deposited film according to claim 1, wherein said substrate is heated at a rate of 
4^C/second or higher. 

4. A process for forming a deposited film according to claim 1 , wherein said substrate is cooled at a rate of 
4''C/second or higher 

5. A process for forming a deposited film according to daim 1, wherein said deposited film is deposited at 
a rate of 0.1 nm/second to 20 nm/second. 

6. A process for forming a deposited film according to claim 1, wherein said semiconductor having a con- 
ductivity is formed by plasma CVD. 

7. A process for forming a deposited film according to daim 5, wherein said plasma CVD is high frequency 
plasma CVD. 

8. A process for forming a deposited film according to daim 1 , wherein said glow discharge is caused by 
microwave plasma CVD. 

9. A process for forming a deposited film according to daim 1. wherein difference between the temperatures 
for forming said semiconductor having a conductivity and for forming said deposited film by glow discharge 
is 10**C or more. 

10. A process for forming a deposited film according to daim 1, further comprising a step of forming a sem- 
iconductor after said cooling step. 

11. A process for forming a deposited film according to daim 1 , wherein said belt-like substrate is cooled by 
a flowing cooling medium. 

12. A process for forming a deposited film according to daim 1, wherein said deposited film formed by glow 
discharge is substantially an i-type semiconductor. 

13. A process for forming a deposited film according to claim 1 , wherein said steps are performed in one va- 
cuum unit. 

14. A process for continuously forming a deposited film on an elongated substrate by plasma CVD in a vacuum 
chamber, which comprises the steps of continuously moving said substrate in a lengthwise direction of 
said substrate in said vacuum chamber, while heating said substrate immediately before an inlet of a glow 
discharging region in said vacuum chamber at a rate of 4**C/second or higher, forming a semiconductor 
layer on said substrate in said glow discharging region at a deposition speed of 0.1 nm/second to 20 
nm/second by plasma CVD and cooling said substrate at a rate of 4<'C/second or higher immediately after 
an outlet of said glow discharging resin. 

15. An apparatus for continuously forming a deposited film on an elongated substrate in a vacuum chamber 
for forming a semiconductor having p-type or n-typ conductivity and in a vacuum chamber for forming 
a semiconductor having i-type conductivity, which comprising heating means disposed before said va- 
cuum chamb r for forming said semiconductor having i-type conductivity and cooling means disposed 
after said vacuum chamb r for forming said semiconductor having i-typ conductivity. 

16. A process for forming a d posited film comprising forming a s miconductor having i-type conductivity on 



30 



EP 0 661 760 A2 

a semiconductor having p-type or n-type conductivity by glow discharge, wherein said semiconductor hav- 
ing p-type or n-type conductivity is heated at a rate of 4X/second or higher before a region in which said 
glow discharge is performed. 
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FIG.6 
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FIG.7 
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FIG.8 
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FIG.9 
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FIG. 10 
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FIG.11 A 
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FIG.12A 
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